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S U M M A R Y 
A kinetic study has oeen made of the dilute acid 
hydrolysis of eight N~alkyl substituted acetamides. Rate 
constants have been determined for these amides over a 
temperature range of 65° to 95° and from these results values 
of the free energies, enthalpies and entropies of activation 
for the reaction have been calculated. Changes in the rate 
constants are showi to be governed by the steric effects of 
the substituents, An analysis of the results in terms of 
various appropriate free energy relationships has been made. 
It was found that, while the normal Taft steric parameters, 
E are not directly applicable to these systems because they are s 
defined for systems involving changes in the acyl portion of 
esters, they can be used in conjunction with a parameter A6 
which makes allowance for the change in 'six-number̂ ' which 
a substituent experiences when it is moved from the acyl to 
the alkyl portion of the molecule. The inevitable large 
^ if 
errors in AH and AS were found to obscure any meaningful 
study of structural relationships in these quantities. 
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O B J E C T I V E S 
This project is a continuation of a series of kinetic 
studies carried out in the laboratory into the effects of 
substituents on the acidic and basic hydrolysis of aliphatic 
amides. These previous studies have examined substituent 
effects involving changes in the acyl portion of the molecule 
11 
(R in R - C - MR*), In this project an examination will 
be made of the effect of changes in the substituent R* on 
the acidic hydrolysis of N-alkyl substituted amides. 
A search of the literature revealed that no previous 
study of the acidic hydrolysis of N-substituted amides 
appeared to have been made. 
I N T R O D U C T I O N 
1. KI^TIC RELATIGNSHIPD 
The order oi'' reaction and tne rats expression governing a 
reaction can oe used to suos"cantiate projjosed reaction mechanisias. 
The nietnods used to determine the order of reaction for the acid 
nydrol^'sis of î -̂ saostituted aniiaes are outlined in tne follô /in̂ , 
section. 
A general rate expression for a siiopie systenij aA -r oB ̂  .... 
- products 3 is 3 
Rate - k a . ^ 4-
"vvhere k is the rate constant or specific ratej brackets denote 
concentra-Gion 3 and the exponential ter̂ ns are the orders of reaction 
v/ith respect to individual reactants . fxie overall order of reaction 
IS ¿̂ iven "by 5 
n - n , + n . -i- .,,. 
ii. ii 
ijiiiii"Dea soluoilities of the ainides ana a ceiling concentration of 
0.1 molar for the acid^ imposed on mechanistic grounds, ruled out 
tne preferred methods for deteniiining the order witn respect to eacn 
reactant, Dut, tnroû xi a n^aui'oer of laatnematical foruiulations, it was 
possiole to assess tne overall order of reaction, 
(a) Method of integration 
in tnis liietnodj attejaipts are made to fit experimental data to 
intei^rated fomb of the possible rate equations. The expression 
giving tne most constant values for the specific rate is tne one 
most closel̂ ^ corresponding to tne correct order of the reaction. 
For exaiupie , bet jeeu tv/o reactaiats A and B for tne overall second 
order reaction, 
2L:-. -i- uB products 3 




u dt - - • L̂ J 
"A 
• 
n Jj (1) 
if A and ^ represent respectively tlie initial nolar concen--o o 
trations of a and and for the aino-oirts of A and jJ reacted tnere 
results X stoichioaetric ec^uivalents of product, then5 
= A '̂ ax and o ^ B . - J o 
Substituting l'or A and in eg.uation (l), and suosequent inte-
gration of "cne e.^uation oet\;een tiie iiuiiits of t frGsn o ->• t and x 
froiu o X yields tne e'^uation. 
1 
— "aA o o 
ij (a. -ax) -, o o In — ii (B ~bx) o o 
(2) 
For eviual» initial concentrations of A and B,, integration yields "one 
e^ua'Gion 
xt = A (b-a) o 
(a -ax) o in 7 — ^ (a -oxj o 
(3) 
A second order reaction is indicatea if substitution of the experi-
mental data into e^iuations (¿) or (3) gives a non~var-ying rate 
constant. 
(D) F ract ional L i fe Period i-ietliod^ 
For the react ion, aA -r b3 + -products, and a l l reactaxits 
A B , , o o 
i n i t i a l l y present i n stoicaionietric r a t i o j tnat i s , - . . . j a 
tiien dx dt 
n X-lv 
k (A - a x ) " - . (±5 o o 
I'ne last equation can be reduced to 
dt k^ (A - a ^ ) 
n 
o 
vmere li 1-1 - • • (a -/b J . . . ) 
integrat ion gives, 
(ii) 
. t = 
1 
(a -ax) o 
n-1 „ n ^ l A o 
Let a - f ract ion of A reiiiaining at time t 
Then at t = Oj = 
A -ax o 
A 
O 
and at t = t , a = A .a a ' o 
From eciuation (5)3 i t follov^s txiat 
(5) 




or t a 
n^k^ ¿a 
n -1 JrL 
^ 0 
and log t^ = log " ( n , k ^ , a ) - ( n - l ) lo^;, A . ut ^ 
For any given reaction at constant temperature > n ana k^ are 
constant, and using t.ie same f ract ion a tnen log " (n , k ^ j a ) is a 
constant, 
I'lien, f o r t^/o s u c c e s s i v e time i n t e r v a l s , t ^ 
a 
l o g t^^ - l o g t = (n-'l) l o g ~ l o g A .a)J 
OL Oh O O 
i n \rhica the prime aenotes t h e second time i n t e r v a l and A a i s the 
o 
i n i t i a l concentrat ion of A f o r the i n t e r v a l This express ion 
t ransposes t o , 
l o g t^ l o e t 
n = 1 + : 
l o g - l o g A^ . a 
I f the times at which the resioect ive concentrat ions are noted are 
o , t i and t 2 , t h a t i s ̂  
t^ = t i ^ o = t i and t^ = t o - t i , then i t follovrs t h a t . 
n = 1 -h iQ ŝ ( t 2 " t i ) ^ l o g t i 
l o g A l o g A .a o o 
t 2 l o g ^ ^ 1 
or n = 1 + (6) 
l o g a ^ 
By apply ing a s e l e c t e d va lue of a t o a p l o t of concentrat ion of 
e i t h e r r e a c t a n t or product versus t ime, one obtains t h e corresponding 
v a l u e s of t^ and t 2 ; t h i s data entered i n t o equation (6) y i e l d s the 
o v e r a l l order of r e a c t i o n . For g r e a t e s t accuracy a should have a 
va lue v i t h i n the range 0.5 t o 0 .9 . 
) Bimensionless Parameter Method ^ 
IVo dimensionless v a r i a o l e s , a5 the f r a c t i o n of A remaining and 
T^ the time parameter are d e f i n e d b y , 
A --ax 
Q, = and T = a.k.A . t . 
^o 
Insertion into the rate equation for a one comjponent, 'n'th 
order reaction, v/here n Ij viz.. 
kt = a (n̂ -1) (A --ax) o 
n-1 
gives T = n-l a 1 
A o 
(7) 
and where n = 1, 
kt = 1 , , - log , and 
o 
T = " log a (8) 
Froiii the expression defining x it follows that, 
log T - log t + log a.k.Â ^̂ ""̂  
Plots of log T versus a will correspond to plots of log t versus a 
vi-ith the exception that the latter will be shifted along the log t 
axis by an amount equal to -log a.k.A^^"^. The matching graphical 
relationships give the reaction order. 
2. T̂ HERMODYHî l̂IC REL/lTIQNSHlPS 
3y supposing that an equilibriurn exists oetween reacting 
molecules and an activated complex, which decomposes at a definite 
rate, 
r, Activated , ^ VIZ., Reactant state — ^ Products, 
i t has been fomid possible to derive an equation for the spec i f i c 
rate of any reaction, namely, 
- = f • 
where R and T have their usual significance> is the Avagadro 
number, h Planck's quantum theory constant and K* the equiliorium 
constant of tne equilibrium between the activated state and the 
reactants^• 
For any true equilibrium at a constant temperature, T, the 
familiar thermodynamic equations, 
AG® = ..RT Inli and AG® = AH® -T.AS® 
give the relationship that, 
J, _ ^ -̂AG®/RT AS®/R -AH®/RT iv. — e e • e 
Wxiere K is an equilibrium constant and the thermodynamic parameters 
refer to standard state changes. 
The corresponding equation for situation (9) is 
^^ ^AGVHT 
^ = i ih-^ 
" Nh • ® 
Tailing logarithms gives the equation ̂  
Ini. == — ^ „ + In (10) 
From a plot of In versus ~ the enthalpy can be calculated from the 
slope and entropy from the intercept on the logaritlimic axis, The 
free energy of activation, AG^ is calculated from the relationsnip 
AG« = AH* - T.AS^. 
Also from the Arrhenius relationsliip the energy of 
activation, the entropy of activation and frequency factor can be 
coia-Duted, 
3 . STBUCTUKS-^REikCTIVITY KSLATIQHSHIPS 
(a) Qualitative Aspects 
Accepted theory^ postulates that electronic perturbations^ 
caused by a substituent in a molecale, can be transmitted through 
inductive, field, resonance and hyperconjugative mechanisms. These^, 
together with steric effects of reacting molecules, are factors 
that influence equilibria and reaction rates. 
Polar Mechanisms^ incorporating (i ) inductive and (ii) field 
effects. 
(î ) Inductive i^ffects 
Tiois is a permanent dipole or polarization of a bonding 
electrons created by the difference in electron--attracting povj-ers 
of atoms or groups forming a bond. In a cnain of atoms this 
polarization is transmitted tlirougn cr bonds but is rapidly attenuated 
so as to be effective for only two or three carbon ataus . 
According to the Ingold convention^ ^ if a group acquires 
electronic charge it is said to have -I (inductive) effect and a + I 
effect if it donates charge and becomes positively charged relative 
t o l i/drogen. The f o l l o w i n g examples q u a l i t a t i v e l y demonstrate t h i s 
e f f e c t . 
The caroon atom of a methyl group, having s l i g i i t l y g r e a t e r 
e l e c t r o n e g a t i v i t y tnan the hydrogen atom^ assumes a smal l n e g a t i v e 
charge and tends t o donate e l e c t r o n s t o another group. This i s 
a + I e f f e c t . The e f f e c t i n c r e a s e s i n tne e t h y l group wi th both 
tne a-methyl and hydrogen atoms causing p o l a r i z a t i o n of e l e c t r o n s 
towards the a-carbon atom. 
«̂ H H 
4- 4-




methyl group e t h y l group 
An i n d u c t i v e e f f e c t i s o p e r a t i v e i n tiie N^-substituted amide, 
denoted i n the f i g u r e below, in which the N-methyl group induces an 
i n c r e a s e d e l e c t r o n d e n s i t y on the carbonyl ox^^gen atom^ 
6" 
R - C 
K - H 
CH3 
( i i ) F i e l d E f f e c t 
The e l e c t r o n i c i n f l u e n c e of a s u b s t i t u e n t may be 
t r a n s m i t t e d through space (or s o l v e n t ) t o i n f l u e n c e e q u i l i b r i a and 
r e a c t i o n r a t e s . Q u a n t i t a t i v e s e p a r a t i o n of the two types of 
i n d u c t i v e e f f e c t , based upon p l i y s i c a l models a r e , a t the b e s t , v e r y 
approximate^. Although t h e r e i s evidence t o subordinate t h e 
' t r a n s m i s s i o n along the c h a i n ' p i c t u r e i n r e l a t i o n t o the f i e l d 
e f f e c t ^ , i t i s u s e f u l i n tae present context t o r e g a r d both e f f e c t s 
under the c o l l e c t i v e t e r n "Polar i l f f e e t " . 
( i i i ) Resonance E f f e c t 
This i s o p e r a t i v e when a group, p o s s e s s i n g unshared p 
or 7T e l e c t r o n s and p o s i t i o n e d i n such a way t h a t i t i s able t o 
conjugate w i t h another group, shares i t s p or TT e l e c t r o n s wi th the 
other group; the e f f e c t operates tlirougn the e l e c t r o n s of 
IT'-orbitals . For example, the lone p a i r of e l e c t r o n s of the amino 
group can be shared i n resonance or c o n j u g a t i o n with a double bond, 
CH2 = CH - N - CH3 ^ CH2 - CH = M - CH3 
I t i s not t o be i n f e r r e d t h a t a continuous o s c i l l a t i o n i s o p e r a t i v e 
between the d i f f e r e n t s t r u c t u r e s i the a c t u a l molecule always has 
the same s t r u c t u r e which i s a h y b r i d . The d i s t r i b u t i o n of e l e c t r o n s 
and s t a b i l i t y of the h y b r i d molecule are determined by a weighted 
average of p o s s i b l e cononica l forms. 
For a l i p h a t i c systems, resonance e f f e c t s are of importance 
only when s u b s t i t u e n t s c o n t a i n i n g Tr-electron systems are ab le t o 
i n t e r a c t d i r e c t l y wi th TT--electrons of the r e a c t i n g c e n t r e . 
( i v ) Hyperconjugat ive E f f e c t 
As shown by Balier and Xiathan®, when a methyl group i s 
a t t a c h e d t o a c o n j u g a t i v e system the r e a c t i v i t y of t h a t system i s 
affected oppositely to tliat expected on the "basis of the inductive 
effect. This, they proposed, is due to a délocalisation of the 
electrons of tae C~H bond towards the attached system. ïhe effect 
lias oeen called hype r c on jugat i on. 
More recent work^'^^ has indicated that the interaction of 
â -electrons of a C-H bond v̂ ith an adjacent TT̂ -electron centre can 
have a noticeable effect upon reaction rates. This effect is due 
to increased stabilisation, that is loi/er potential energy of the 
unsaturated system and this vievi" of hyperconjugation has become 
knoTO as a-hydrogen bonding. 
Using molecular orbital calculations Kreevoy and Eyring^^ 
have arrived at the follovzing conclusions regarding a-hydrogen 
bonding, 
(1) The added stabilisation vhich a-hydrogen bonding induces 
in a molecule is due to the délocalisation of tne C-H bond electrons 
into the electron system of tne molecule. 
(2) Each C-H bond exerts an independent effect and the total 
hyperconjugative effect is approximately proportional to the number 
of ci-hydrogens in the system. 
(v) Steric Effect 
This is the influence of the physical bulk of molecules 
upon a reaction. The Van der Waal »s forces operating between 
molecules determine the angles between bonded groups and can 
accelerate or retard reactions depending, respectively^ on whether 
crot7ding of groups is favourable or otherwise for tne reaction to 
proceed. For example, during aciide acid hydrolysis^ the transit ion 
s tate , formed by the attack on the conjugate acid "by a nucleophil ic 




sp transit ion state 
v/hich i s crowded re lat ive t o the conjugate acid which has a sp^ 
configuration, v i a . , 
' 1 2 0 
© 
sp configuration 
Tiius, "bulky R and R ' groups would create aii unfavourable energ3/-
barr ier and retard the reaction. 
(b) Quantitative Aspects - Structure Reactivity Relationships 
A number of empirical relationships involving structure and 
react iv i ty have evolved from rate and eg^uilibrium data f o r organic 
r e a c t i o n s ^ ^ ^ . Those relationships based upon the assumption 
that the contribution from a substituent to the free energy of 
equilibrium or activation is a l inear function of sane property of 
the substituent group are ajnong the category of l inear free energy 
relat ionships. Tîiey have proved valuable in quantifying previous 
q.ualitative concepts, 
Correlation of the effects of meta and para substituents with 
the reactivity of "benzene-ring side chains was successfully fomu-
lated in the Hauiiaett Scuation^^, However, the equation was found 
to he inapplicable in correlating the effects of ortho substituents 
and for aliphatic reactions^^>^^, 
Ingold^^ liad previously noted tliat the ratios of the rate 
constants for alkaline hydrolysis to those for acid hjrdrolysis of a 
substituted ester vrere dependent upon tlie polarity of the 
substituents. 
By extending this concept and jiaiLing use of a definitive 
reaction series^ the hydrolysis of aliphatic esters, Taft was able 
to derive a number of quantitative structure-reactivity relations-
s h i p s ̂  ̂  > ̂  7,18,1 9 ̂  
The noted mechanistic siiailarity of the acidic and basic 
hydrolysis of esters led Taft to assume tho-t, tliroughout a reaction 
series involving appropriate substituents^ R and/or R^, steric 
effects were the same in both media, and resonance effects were 
either constant or negligible, Tv/o points support these assumptions 
(i) There is an expected small physical difference of two 
protons in the respective transition states; this is sham in 
figures 1. and 2. 
(ii) The conjugation, that leads to resonance between the 
substituent and ester function, arises in the reactant state which 
is common to both acidic and basic media. The transition states 
X6 









Fig. 2. Transition state for 
ester acid hydrolysis ester basic nydrolysis 
From available kinetic data for acidic and basic bydrolyses 
of aliphatic esters 3 Taft further realised that the rate of acid 
catalysed hydrolysis is negligibly affected "by polar substituents . 
An essential criterion for the derivation of the relationships 
was tlie concept^^ that the free enerĝ ^̂  of activation for a reaction 
series is the suinmation of steric, polar and resonance contributions, 
that is, 
AG* = AG'̂' ^ . + aC^ + AG* steric polar resonance 
= AG^ + AG^ P 
+ AG* (11) n 
This division ignores the difference between kinetic and potential 
energies of the reacting species, because each parameter involves 
potential and kinetic enerĝ ^ contributions. However, this and the 
other assumptions appear to loe justified on the basis of the success 
of the 'Taft equations, and agreement with existing knowledge of 
steric and electronic effects. 
RT AG* 
Tlie relationship, Ink - In ~ gf ^^ derived from transition 
state theory^^ and for one member of an aliphatic ester hydrolysis 
reaction in acid (A) and alkaline (B) solution under the same 
IT 
conditions of temperature and solvent, 
ink^ = - ^ t Nifi HT 
. . ,A , RT AG'̂  and ink = i n — 
Tnen, 
ink^ • Ink^ = - . (AG® ^ AG^) (12) 
Fran tlie assumption that the total free energy change is divisible 
into steric, polar and resonance contributions, 
T , B . A 1 Inlv - Ink = - gj- . (AG^ + AG® + AG^) p s K 
(AG^ + AG^ + AG^) P s R (13) 
The assumptions used "by Taft are: 
(1) resonance effects are similar in acid and'basic solutions, 
that is AG^ = AG^ n i:\ 
(2) steric effects are similar in acid and'base, that is, 
AG® = AG^ s s 
(3) the knovm insensitivity of acid ester hydrolysis to polar 
effects, that is AG^ 0. P 
t Unless otheirv/ise stated further references to AG denote free energy 
of activation. 
iixpression (13) then simplifies to. 
Ink^ - liilî  
Rl' P 
Similarly, for ethyl acetate with a hydrolysis rate k^. 
Iiik^ - Inkf^ 
o o 
1 B 
- , AG , v/liera the zero subscript 
Ai O 
" O 
refers to parameters associated with etlwl acetate. 












AO® - AG® 




The left tiand side of eq^uation ( l^ ) , written in common logarithmic 
form, vas defined by Taft as the 'polar reaction factor^ a* For 
comparative purposes a factor of • v/as introduced to align a 
2 • H o 











For a reaction series in which steric effects are absent and conjugation 
effects constant or negligilDle^ Taft represented tne polar contribution 
to the free energy of activation in an equation that was analogous to 
the Hammett Equation, v i z . . 
log k " log k^ = 
wnere p '̂ is a reaction parameter indicating the sensitivity of the 
reaction series to polar effects. Tnis equation lias been called the 
Taft Linear Polar Snergy Equation. 
Along similar lines to the ahove^ consideration of the 
hydrolyses of an aliphatic ester and ethyl acetate^ where conjugative 
effects are absent, and under acid conditions where the reactions are 





liaft defined another parameter^ the steric substituent parameter E , 
as being equal to log 
K 
k 
and evolved the equation. 
log k - log k = 5.E 
o s 
(17) 
This equation has been referred to as the Taft Linear Steric ¿inergy 
Equation. The reaction parameter, 6, is a mesLSure of the sensitivity 
of a reaction series to the steric influence of substituents. 
For reaction series that are sensitive to both polar and steric 
effects, and provided that a^ and S are independent variables, it 
s 
lias been found possible to correlate structure v/ith reactivity by a 
linearly combined equation, viz . . 
log k - log k = + 6.E 
o s 
(16)22 
Other linearly combined equations have been shown to be 
applicable to a limited number of reaction series. For example, 
the equation. 
log k - log k - 6 + {n " was used to correlate 
O 3 
data for certain series of amide hydrolyses^^»^^. In tliis equation, 
Ê = E + 0.306 (n - 3 ) , n is the nuinber of a-liydrogen atoiîis in the s s 
substituent and h i s a parameter measuring the susceptioi l i ty of the 
reaction series to hyperconjugative effects^ 
k. MECHMISM OF AMIDE ACID-HYDROLYSIS 
The reaction niechanisiii of aaiide hydrolysis has been deduced 
from kinetic and related s t u d i e s ^ ^ * 
In dilute mineral acids i t has been proposed^ that, as for 
esters, amide hydrolysis proceeds via acyl f iss ion in a bimolecular 
reaction or ^-pj^* i n i t i a l step in the reaction involves fast 
protonation of the amide to give the conjugate cationic acid, v7hich 
is suDsequently hydrolysed by the -water nucleophile in a slov rate« 
determining step. This stage is followed by two fast reaction 
steps to fina3J^'' give acid and amine-cation products. Thus from 
the oxo-form of tlie amide the reaction proceeds as follows. 
R 
R 





















•¿i — c — OH + R^Ms"^ 
0 
Evidence to substantiate the proposed mecTianism is gained from 
tlie following: 
(a) It lias long been realised that the liydrolysis of amides at 
moderate acid concentrations is overall second order, that is first 
order with respect to botn amide and a c i d ^ . 
(d ) a number of studies^^ have indicated that the oxygen atom in 
tne amide is more t>asic than the nitrogen3 even tliouga nitrogen is 
inherently more "basic than oxygen. It was proposed^^ that amides 





the p a r t i a l n e g a t i v e cliarge on the ox^/gen atcaui inducing 0-protonat ion 
as i n s t e p ( l ) . 
( c ) With i n c r e a s i n g a c i d i t y the h y d r o l y s i s r a t e passes through a 
maximum and suoseciuently decreases^® 9̂ ^ . A maxiinum r a t e , corresponding 
t o couiplete p r o t o n a t i o n of the ajiddej i s p r e d i c t e d froin the e m p i r i c a l 
second-order r a t e e q u a t i o n . 
Rate = k [ami de^ x • 
Edwards and Meacock^® i n d i c a t e d t h a t , as a c i d concentrat ion i s 
i n c r e a s e d and ' t i e s up' h y d r a t i o n w a t e r , the d e c r e a s i n g r a t e r e s u l t e d 
from the d e c r e a s i n g a c t i v i t y of water a v a i l a b l e f o r a t t a c k at txie 
carhonyl carbon. 
(d) The r a t e constant f o r the h y d r o l y s i s of acetamide i n d i l u t e a c i d 
s o l u t i o n i s one and a h a l f times as g r e a t i n deuterium oxide as i n 
w a t e r . This i s i n t e r p r e t e d as i n d i c a t i v e of the formation of a 
conjugate acid^^ ^ 
I t appears t h a t t"he concept of an eciuil ihrium f o r s tep ( l ) of 
the r e a c t i o n luechanism i s t h e o r e t i c a l l y sound. 
(e) For the amides s t u d i e d so f a r , namely those s u b s t i t u t e d i n the 
a c y l branch o f the molecule , a c i d h y d r o l y s i s i s only s l i g h t l y 
i n f l u e n c e d oy r)Olar e f f e c t s ^ ^ »^^. Tais may be expla ined as 
f o l l o w s ; e l e c t r o n r e l e a s i n g s u o s t i t u e n t s at the R p o s i t i o n favour 
p r o t o n a t i o n whereas a t t a c k oy the n u c l e o p h i l i c molecule i s enhanced 
by e l e c t r o n withdrawing groups. In the o v e r a l l r e a c t i o n , the p o l a r 
e f f e c t s of s u b s t i t u e n t s are c a n c e l l e d by t h e s e c o n f l i c t i n g r e q u i r e -
ments . A s i m i l a r exp lanat ion as t o tae i n s e n s i t i v i t y of e s t e r 
hydro lys i s to polar e f f e c t s Jias been proposed^. This evidence i s 
in concordance witn tne proposed second step of the r e a c t i o n , 
a t tack of the a c y l carDon by water . 
( f ) There i s no uneq.uivocal evidence of a ca t ion ic intermediate 
r e s u l t i n g frcan step (2) of tne r e a c t i o n . 
Througn studies of oxygen isotope (O^®) exchange between 
r e a c t a n t s . Bender^^ found evidence of intermediate species in a 
number of hydrolys i s react ions of c a r b o x y l l i c ac id d e r i v a t i v e s , 
including tne a l k a l i n e hydrolys i s of amides, but no isotope 
exciaange was detected during the acid hydrolys i s of amides. To 
expla in t h i s . Bender proposed two poss ib le mechanisms but favoured 
the former; 
( 1 ) An intermediate i s formed "but the carbon-nitrogen bond 
i s 'broken simultaneously, that i s , the intermediate may be 
transformed to products more rap id ly than i t rever t s to reac tants . 
(2) No intermediate i s formed; water d isp laces an ammonia 
molecule d i r e c t l y from tne conjugate ac id . 
proposes tnat the * intermediate ' may instead be an act ivated 
complex. 
(g) Tne products of the hydrolys is are a c a r b o x y l l i c acid and an 
amine-cation^^. Hydrolysis of N-substituted amides n e c e s s a r i l y 
involves acy l -n i t rogen , rather than a l k y l ni trogen, bond breakage 
s ince the l a t t e r would produce alcohols 
The products of the react ion tend to confirm the presence and 
mode of break-up of an intermediate or ac t ivated complex, but 
apparently there are no reported s tudies of the mechanism of the 
post complex stage of the r e a c t i o n . 
E X P E R I M E N T A L 
1. PRl!]PARATIOH OF AMDES 
Of tae amides studied, tnree, J-methyl acetaiaide^ -ethyl 
acetaciide, and ii-butyl acetamide, v/ere available coimercially. 
The procedure of neyns and Behenourg^® v/as used to prepare 
i\i-isopropyl acetamide^ iv'-isooutyl acetaniide, ù-sec outyl acetamide, 
xi-"benzyl acetamide and i\i-eyelonexyl acetamide. The appropriate 
amines were acetylated uâtn a mixture of acetic acid and acetic 
aruiydride, excess acetylating reagents being removed Dy 
distillation. 
Liquid amides were repeatedly distilled under dirainisned 
pressure until a constant üoiling pointy refractive index and gas 
chromâtograpaic analysis^' indicated aign purity. Tne solid deriv-
atives were purified uy recr;irstallisation from a solution of acetone 
(ca. '¿jo) in petroleum etner (bp. range ilO-"60*̂ 0), to a constant 
melting point, 
Tne recorded and literature quoted piiysico-'chemical constants 
of the aiûides studied are listed in Table 1. In every case, the 
literature value is given in brackets below the measured value. 
The following conditions xrere used for gas chromâtograpuic 
analysis : 
Column: 3 ft in 1 ,D, stainless steel with ''PorapaLc-Q" 
x:)acking, (Waters Associates Inc. U.S.A.) 
Temperature: column, lÔÔ C.- injector, 200^C. 
Carrier Gas: Helium at 60 ml. min. 
TABLE 1 
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viscous l iqu id 
vjhite, c rysta l l ine 107.5-108 
laths , tabular D^^G -
t r i c l i n i c 0 .08 .5-109.5 , 
• 10^-108 2 
1:116^ g 
white, c rys ta l l ine S0.5-6I 
laths , tabular [S0 .7 -6I .J ] . 
t r i c l i n i c C 








The superscripts on the values quoted are the pressures (in mm. Hg) at which the boiling points were determined. 
^ Except for benzyl and cyclohexyl derivatives, for which a microscopic technique was used, refractive indices 
were estimated, at the temperatures indicated, with an Abbe refractometer. 
^ Densities were assessed by an approximate method; aliquots of about 0.05 ml were dispersed from an 'Agla' 
microsyringe and weighed to f ive decimal places. Calculated densities were reproducible to 
0.003 g. ml"^ . By this method a value of 0.99 g. ml"^ was obtained for the density water at 20°C. 
r\D 
2. KINiCTIC M P ANALYTICAL TiiiCHiaQUES 
Glasswaxe for tlie nydrolysis runs or preparation of solutions 
was washed vritJa not detergent solution, immersed in R.iB.S, -
solution for a day, rinsed v̂ itxi either de-ionised or distilled 
water, and, if necessary, dried in a laooratcr/ oven. 
For reproducioility, volumetric ware was of A grade quality 
and used in accordance with the S.A.A. Volumetric Glassware Code^^, 
Ground-glass stoppered test tuoes of about 33 ml. capacity were 
used as reaction vessels during kinetic runs; springs stretched 
oetween hooks on the stopper and oody of txie tuoe secured the 
stopper even wnen the assembly was x̂ ls-ced in not water, btoppered 
vessels tnat showed any leal^age througa their joints, when submerged 
in water wxiicn was five to ten centigrade degrees above the temper-
ature of the subsequent kinetic run, were discarded, 
(a) Preparation of Solutions 
De-ionised water was used in preparing all solutions. 
Standard nydrocnloric acid (ca. O.Sii) was prepared from A.H, 
grade concentrated acid and standardised against A.R. sodium 
carbonate oy the method of Vogei . 
Amide solutions of knora concentration were jprepared by 
dissolving the requisite amount of pure compound in 100 ral. of 
water, jiixcept for the cyclonexyl derivative which has a solubility 
^̂  xi.B.o. - 25 is a proprietary detergent specially designed for 
efficient cleansing of glassware. 
of aoout 0, l4 mol. l"^, the solutions were approximately 0.20 molar, 
0.2 molar sodium a^rdroxide vas prepared from fresh A.R, 
material and standardised against tne standard hydrochloric acid, 
rhe alkali was fed tnrough plast ic tuoing from a reservoir t o the 
ourette of tne t i trat ing system. An aosorption trap, f i t t ed to the 
air in let of the reservoir excluded carbon dioxide, 
(o) Analytical Procedure 
Al l of tne amides produced acetic acid during hydrolysis, the 
extent of reaction being revealed oy t i trat ing samples of the 
reaction mixture, containing acetic and nydrocnloric acids, with 
tne standardised sodium hydroxide solution. At eaca sampling time, 
5 lol. aliquots of the mixture were automatically t itrated using the 
Radianeter t i trat ion system 38%/TTTl/ASUl, f i t ted with a 2o ' iol. 
plunger type burette (Fig. 3) . 
Tv/o step neutralisation curves vj-ere recorded, the volume 
difference oetween steps being cnemically equivalent to the 
acetic acid present. A t^-pical recording is shovm in Fig. 
As sno^m in Fig. tnere were two metnods of estimating the 
end points in a curve. Titrant additions, AV, from the t i t rator 
depend on an instrumental feedback of tne pH increments, Aph, per 
volume of added t i trant . Since txie ApH:AV ratio passes through a 
maximum at tne end point, measurement of tne total titrant added up 
to tae point of largest ph increment prc^d.des one method of end 
point estimation, ^ieasxirement of the totaJ. titrant added up to the 
mid"point of the straignt section of tae recorded curve gives the 
Figure 3 
Automatic Titration Apparatus 
Zî d end point 
loraest value 
sC. end point m»c/-point of sCroic|h 
sectioa >H 
ml. AiaOH 
rig.lj- PotenCiometric TiCration Cmn^t 
alternative method. Both methods were fo\ind t o give the same 
results with the present data. Reproducibility of the t i t rant 
volume di f ference between end points in a t i t r a t i o n was usually-
better than ±0,01 ml. 
3. KINETIC PROCEDURE 
Ten ml, of amide solution was added t o each test tube 
and heated in the water of the constant temperature bath to 
about the temperature of the subsequent k inet ic run; ten ml. 
* 
of standardised hydrocnloric acid was then added. After 
awaiting a short time for the mixture t o heat up, the vessel 
was sealed and placed in a submerged posit ion in a rack in the 
constant tenqperature bath. Eight or nine vessels were used t o 
cover about seventy per cent of the reaction time. Temperature 
control of the reaction solution was good t o ±0.05° at 65 
±0.05^ at T5'̂ C, ±0.07° at 85°C and ±0.1° at 95°C. 
At suitable times a vessel was removed and immersed in 
an ice-bath t o nalt the reaction. Aliquots of the reaction 
solution were then t i t r a t e d . 
Timing of the reaction was immediately commenced. 
R E S U L T S 
I . ' TREATMENT OF TITRATION RESULTS 
The t i trat ion resiilts were processed by computer to 
obtain the required kinetic data. The computer programme 
used in this analysis was obtained frcrn a library of computer 
programmes in the Chemistry Department of the Wollongong 
University College. 
As later shown to be appropriate, the t i trat ion results 
for a l l amides were f i t t ed to a two component, second-order 
rate equation. Rate constants were calculated from the least -
square plots of the second-order equation. 
Since solutions were standardised at room temperature 
(20®) but were used at temperatures ranging from 65 to 95°» 
i t was necessary to adjust the rate constants obtained to 
compensate for the thermal expansion of the solvent. As a 
part of the computer programme, rate constants were multiplied 
by a volme correction factor , equal to 
reaction volume at bath temperature 
reaction volume at room temperature 
The values for the correction factor at various 
temperatures are as follows: 
Temperature Volume Correction Factor 
65° 1.012 
1.018 
e "̂" 1.02k 
95® 1.030 
The least squares rate constants determined for various 
times during kinetic runs and temperatures from 65° to 95^ sxe 
compiled in the Tables of Results (pp.3T to 71) . Also 
included in tnese tables are the rate constants averaged over 
the period of time, the correlation coefficient of the least 
square plots, the standard deviation from the mean rate 
constant, reactant concentrations and percentage of reaction 
followed. The correlation coefficient together with the 
standard deviation from the mean are an indication of the 
closeness of fit of the data to the rate equation. 
Thermodynamic data, AG , AH and AS and standard 
errors in AH and AS are given in Table 2 in which are also 
included the energy of activation, E , and its standard error 
and the frequency factor. A, calculated from the Arrhenius 
equation. 
2 . TABLE 2 . 
THERMODYNAMIC PARAMETERS FROM ACID HYDROLYSIS DATA 
/aG- i n c a l . mole"^ ; AH'-' i n c a l . mole"^ ; AS"'̂  i n c a l . deg ^ mole ^ ̂  c a l c u l a t e d 
E i n c a l . ; numbers i n parentheses are the standard e r r o r s of measurement. 
Pi 
at i f I 
AMIDE AG-- AH- AS-
^A 
A 
N-methyl acetamide 27266 19779 (±1+12) . 2 1 . 5 1 ( ^ 1 . 1 7 ) 20^179(^^08) 3 . 9 7 X 106 
N - e t h y l acetamide 27539 21752(^600) - I 6 . 6 2 ( ± I .70) 221+53(^598) 4.65 X 
N - i s o p r o p y l acetamide 283U6 22118(^373) - 1 7 . 8 9 ( ^ 1 . 0 5 ) 22817(^373) 2 . 4 5 X 
N - n - b u t y l acetamide 27723 20736(±23^) - 2 0 . 0 8 ( ^ 0 . 6 7 ) 2lU36(:t23l ) 8 . 1 6 X 10® 
N - i s o - b u t y l acetamide 27957 20506(^706) - 2 1 . i | 0 ( i 2 . 0 0 ) 2 1 2 1 1 (±705) 4 . 2 2 X 108 
N - s e c - b u t y l acetamide 28717 21758(± 73) - 1 9 . 9 9 ( - O . 2 1 ) 22463(^ 76) 8 .59 X 
N - b e n z y l acetamide 27636 21267(^^409) - 1 8 . 3 0 ( ^ 1 1 7 ) 21965(^413) 2 .00 X 
N - c y c l o h e x y l acetamide 28302 21859(^229) - 1 8 . 5 1 (^0.65) 22558(^232) 1 .79 X i o 9 
u> 
o\ 
3. T A B L E S O F R E S U L T S 
N O T E 
The following units have been employed in the Tables of 
Results:-
-1 -1 rate constant 1 mole sec 
time mins. 
concentration moles • 1 
The tables are arranged in order of increasing molecular 
weights of the amides and increasing temperatures of 
kinetic runs for each amide, 
W S T H Y U C ' - T A I i l D E AT 3 3 8 . 1 £ 
Second O r d e r . Two Conponent. C o n c e n t r a t i o n s E q u a l . 
CONCENTRATION T B S RATE CONS'IAi^T 
- 6 2 5 . 0 0 0 . 2 1 0 5 E ~ 0 4 
- 6 2 5 . 0 0 0 . 2 1 8 2 E - 0 4 
- 1 6 6 7 . 0 0 0.22431^-04 
- 1 6 8 7 . 0 0 0 . 2 2 1 9 E - 0 4 
- 1 6 8 7 . 0 0 0.2237E--04 
- 2 8 9 0 . 0 0 O.22O8E-O4 
- 2 8 8 8 . 0 0 O.22IOE-O4 
- 2 8 8 8 . 0 0 0 . 2 2 4 2 S - 0 4 
- 4 3 5 7 . 0 0 0 . 2 2 0 9 E - 0 4 
- 4 3 3 7 . 0 0 O . 2 2 4 I S - O 4 
- ^ 3 3 7 . 0 0 0 . 2 2 3 3 E - 0 4 
4 3 3 5 . 0 0 0 . 2 2 5 4 E - 0 4 
- 4 3 3 5 . 0 0 0 . 2 2 9 9 B - 0 4 
- 8 7 0 1 . 0 0 O . 2 2 4 I E - O 4 
- 8 7 0 1 . 0 0 O.22IQE-O4 
- 8 7 0 1 . 0 0 0 . 2 2 3 7 E - 0 4 
- 8 6 7 5 . 0 0 0 , 2 2 9 0 E - 0 4 
- 8 6 7 5 . 0 0 0 . 2 2 4 7 E - 0 4 
- 8 6 7 5 . 0 0 0 . 2 2 3 6 E - 0 4 
- 1 4 4 1 1 . 0 0 0 , 2 2 6 2 E - 0 4 
- 1 4 4 1 1 . 0 0 0 . 2 2 7 0 E ~ 0 4 
1 4 4 1 1 . 0 0 0 . 2 2 7 5 E - 0 4 
- 1 8 8 1 2 . 0 0 0 . 2 2 6 4 E - 0 4 
- 1 8 8 1 2 . 0 0 O.2222E-O4 
- 1 8 8 1 2 . 0 0 0 . 2 2 1 7 0 - 0 4 
- 1 8 8 1 0 . 0 0 0 . 2 1 6 3 E - 0 4 
LEAST SQUARES RATL CONSTANT 
AVERAGE RATE CONS'IAITT 
CORRELATION COEFFICIENT 
STAI^MRD DEVIATION FROM MEAN 
mXDB CONCENTRATION 
ACID CATALYST CONCENTRATION 
PriRCELTAGE OF R;ACTIOr FOLLO^^D 
O.223OE-O4 
O . 2 2 3 I E - O 4 
0 . 9 9 9 6 
0 . 3 9 3 5 E - 0 6 
0.102511 
0 . 1 0 2 8 I I 
N.D, 
N-IIETHYLACIiTAIilDE AT 348,5 K RM 1 
Second Order, Two Component. Concentrations Equal 
ko 
CONCENTRATION TH® RATE CONSTAIMT 
0.2655E-01 1001 .00 O.5724E-O4 
0.2654E-01 1001 .00 0.5663E~04 
0.3624E-01 1561 .17 0.5747E-04 
0,3590E-01 1561 .17 0.5664E-04 
0.4699S-01 2481 .67 0.5600E-04 
0,4703E~01 2481 • 67 0.5609E-04 
0.5419E-01 3281 .67 0.5618E-O4 
0,5432E-01 3281 .67 0.5646E-04 
0.6228E-01 4393 ,33 0.5802S-04 
0,6220E-01 4393 .33 0.5782E-'04 
0.6995E-01 6000 .00 O.59O8E-O4 
0.694as-01 6000 .00 0.5764E-04 
LEAST SQJIAR̂ Ŝ RATE CONSTANT 
AVERAGE RATE CONSTANT 
CORRELATION COEFFICIENT 
STA1';DARD DEVIATION FROM mAM 
AMIDE CONCENTRATION 
ACID CATALYST CONCENTRATION 








N-MBTHYLàCETAÎ4IDS AT 348.5 K RUÎT 2 
Second Order« Two Component» Concentrations Squal. 
Ul 
CONCENTRATION TIME RATE CONSTANT 
0.1662S-01 580.83 0.5454E-04 
0.1675E-01 580.83 0.5504E-04 
0.1650E-01 580.83 0.5405E-04 
0,2846E-01 1133.50 0.5553E-04 
0*2825E-0i 1133*50 0,5497E-.04 
O42796E-OI 1133.50 0i5418E-04 
0*4017E-01 1931*67 0i5468E-04 
0.4064E-01 1931167 Oi5573E-^04 
0.4068E-0i 1931,67 0.5582E^4 
O.4O68E-OI 1931.67 0.5582E-04 
0.5378E-01 3273.33 0.5533E-.04 
0.5415E-01 3273.33 0,5615E-.04 
0.5382E-01 3273.33 0.5542E-.04 
0.5378E-01 3273.33 0.5533E-04 
0.6360E-01 4805.00 0.5592E-04 
0.6326E--01 4805.00 0.5515E-04 
0.6914E-01 6093.33 0.5597S-04 
0,6918E-01 6093.33 0,5608E-04 
LEAST SQUARES MTE CONSTANT 
AVERAGE RATE CONSTANT 
CORRELATION COEFFICIENT 
STAl̂ DARD DEVIATION FROM MEAN 
AMIDE CONCENTRATION 
ACID CATALYST CONCENTRATION 








N-METHYLACETAMIDE AT 358.1 K RUN 1 
Second Order, Two Component. Concentrations Equal. 
CONCENTRATION TIME RATE CONSTANT 
— 141.80 1 ..344OE-O4 
— 141.80 1,3836E-04 
— 2488.00 1.3427E-04 
2487.50 1.2713E-04 
— 3586.67 I.334IE-O4 
— 3585.00 1.32OVK-O4 
— 5000.90 1.3112E-04 
LEAST SQUARES RATE CONSTA ÎT 
AVERAGE RATS CONSTAIIT 
CORRELATION COEFFICIENT 
STANDARD DEVIATION FROM îiEAN 
AMIDE CONCENTRATION 
ACID CATALYST CONCENTRATION 








ir-I«IETHmCETAI'IIDE AT 358.1 K RUN 2 
Second Order. Two Component. Concentrations Equal. 
h2 
CONCENTRATION T M RATS CONSTANT 
- 322.80 0.123VE-03 
- 322.80 0.1227E-03 
- 322.80 O.II9OE-O3 
- 322.80 0.1258E-03 
— 553.00 0.1287E-03 
- 553.00 0.1245E-03 
- 553.00 0.1227E-03 
- 1443,00 0.1243E-03 
- 1443.00 0.124VE-03 
- 1443.00 0.1269E-03 
- 1443.00 0.1274E-03 
- 1923.00 0,1286E-03 
- 1923.00 0.1298E-03 
- 1923.00 0.1277B-03 
- 1923.00 0.1286E-03 
- 2893.00 0.12815-03 
- 2893.00 0.1255E-03 
- 2893.00 0.1276E-03 
- 2893.00 0.1313E-03 
- 2893.00 0.1273E-03 
- 4263.00 0.1287E-03 
- 4263.00 O.132OS-O3 
- 4263.00 0.1303E-03 
- 4263.00 0.1 275ĵ -'03 
— 4263.00 0.1259S-03 
T,EA.ST SQUARES RATS CONSTANT = O.I294S-O3 
AVERAGE RATE CONSTAl̂ TT = 0.1269E-03 
CORRELATION COEFFICTî INT = 0.9996 
STANDARD DEVIATION FROM IvjEAN = 0.2882E-05 
AI-IIDE CCNCENTRATIOIT 
ACID CATALYST CONCENTRATION 




N-METHYLACETAMIDE AT 568.1 K 



























LEAST SQUARBS RATE CONSTAIiT 
AVERAGE RA.TE CONSTAiyT 
CORRELATION COEFFICIENT 
STANDARD DEVIATION PROM MEAN 
AlilDE CONCENTRATION 
ACID CATALYST CONCENTRATION 








N-ETHYLA.CETAIiIDE AT 338.1 K RUN 1 
Second Order. Two Component, Concentrations Unequal. 
CONCENTRATION TIME RATE CONSTANT 
0.6110E-02 725.00 0.1516E-04 
0.6191E--02 725.00 0.1538E'-04 
O.9648E-O2 1292.00 0.1393E-04 
0.9688E~02 1292.00 O.I4OOE-O4 
0.1467E-01 2126.00 0.1361E--04 
0.1520E-01 2126.00 0.H19E-04 
O.24O4E-OI 3727.00 0.1427E-04 
0.2396E-01 3727.00 0.1421E-04 
0.4048E~01 7918.00 0.1441B-04 
0.4036E--01 7918.00 0.1433B-04 
0.6669E~01 24146.00 0.1382B-04 
0.6713E-01 24146.00 0.1410E-04 
0,7509E-01 39610.00 0.1263E-04 
0.7517E-01 39610.00 0.1268E~04 
0.7513E-01 39610.00 0.1266E-O4 
0.8462E-01 74202.00 0.1217E-04 
0.8603E-01 74202.00 0.1358E-04 
LEAST SQJJARES RATE CONSTAITT = 0.1255E~04 
AVBRA.GS RATE CONSTAK'T 
CORRELATION COBFFICICNT 
STANDARD DEVIATION FROM Î IEAN 
AiilDE CONCENTRATION 
ACID CATALYST CONCENTRATION 







N-ETHYLAGETAJ^IIDE AT 358.1 K RIM 2 
Second Order . Two Component. C o n c e n t r a t i o n s Unequal . 
CONCENTRATION TIME RATE CONSTANT 
0 . 9 8 2 6 E - 0 2 1346 .00 0.1356E-D4 
0 ,1042E-01 1346 .00 0 .1448E-04 
0 .5250E-01 11332 ,00 0.1620E-.04 
0 .5250B-01 11332 .00 0 .1620E-04 
0 .6399E-01 18513 .00 0 .1587E-04 
0 .6434E-01 18513 .00 0 .1610E-04 
24307 .00 0 .1582E-04 
0 .7023E-01 24307 .00 0.1598S--04 
0 .7532E-01 31505 .00 0 .1587E-04 
0 .7459E-01 31505 .00 0 .1528E-04 
0 .7613E-01 31505 .00 0.1657E~04 
0 .8108E-01 44495 .00 0 .1565E-04 
0 ,8121E-01 4 4 4 9 5 . 0 0 O.1578E-04 
0.8463E~01 54629 .00 0 .1624E-04 
0 ,8420E-01 54629 .00 0 .1574E-04 
0 .8805E-01 75012 .00 0 .1563E-04 
0 .8834E-01 75012 .00 0 .1606E-04 
LT̂ JAST SQUARES RATE CONSTANT = 0 ,1558E-04 
AVERAGE RATE CONSTAI'T = 0 ,1571B-04 
CORRELATION COEFFICIENT = 0 .9995 
STAI'̂ DARD DEVIATION FROM Î fiAN = 0 ,6957E-06 
AMIDE CONCENTRATION = 0.1005M 
ACID CATALYST COi'CENTRATION = 0.1008M 
PERCENTAGE OF REACTION FOLLOWED = 8 7 . 6 4 
N-ETHYLACBTAI4IDE AT 3 4 8 . 2 K 
Second Order , Two Component. C o n c e n t r a t i o n s Unequal . 
CONCENTRATION TIME RATE CONSTANT 
0 ,5599E-02 2 3 9 . 0 0 0 .4220E-04 
0 .5422E-02 239 .00 0 .4079B-04 
0 ,2338E-01 1259 .00 0 .4113E-04 
0 .2315E-01 1259 .00 0 .^062E-04 
0 .4226E-01 3086 .00 0 .4021E-04 
0 ,4222E-01 . 3 0 6 6 . 0 0 O.4OI4E-O4 
0 .7004E-01 10007.00 0,3944E-.04 
0 .7053E-01 10007.00 0.4037E~04 
0 .7679E-01 14329 .00 0 .3890E-04 
0 .7710E-01 U 3 2 9 . 0 0 . 0 .3958E-04 
LEAST SQUARES RATE CONSTANT = 0 ,3837E-04 
AVERAGE RATi< ' CONSTANT = 0 .^034E-04 
COPJffiLATION C0EFFI0IÌ.NT = 0 .9998 
STANDARD DEVIATION FROM ii^AN = 0 .8890E-06 
AMID]"; CONCENTRATION = 0.1000M 
ACID CATALYST CONCi INTRATION = 0.1005M 
PERCENTAGE OP REACTION FOLLOV/ED = 7 6 . 7 2 
1+6 
N-ETHYLACETAIirDE AT 3 5 8 . 0 K RUN 1 
Second Order. Two Comporjent, Concentrations Equal. 
CONCENTRATION TIME RATE CONSTANT 
0.1637E-01 335.00 0.9834E-04 
0.1619E-01 335.00 O . 9 7 O 6 E -04 
0,2801E-01 695.00 0.94Q7E-04 
0.2823E-01 695.00 0.951 IE-.04 
0.4625E-01 1542.00 0.9338E-04 
0.4638E-01 1542.00 0.9338E-04 
0.6271E-01 2 9 0 1 . 0 0 0,9629E-04 
0.6257E-01 2 9 0 1 . 0 0 0.9575E-04 
0.7689E-01 5699.00 0,9561E-04 
0.7707E-01 5699.00 0,9654E-04 
0.8300S-01 7923.00 0.9957E~04 
0.8291E-01 7923.00 0,9897E-04 
0.8764E-01 11408.00 0.9856E-04 
O.8764E-OI 11408.00 0.9856E-04 
LEAST SQUARES RA'TE CONSTANT 
AVERAGE RATE CONSTANT 
CORRELATION COEFFICIENT 
STAI'TDARD DEVIATION FROM Î IEAN 
Ai'IIDE CONCENTRATION 
ACID CATALYST CONCENTRATION 








N-ETHYLACETAHIDE AT 358.0 K RUN 2 



































LEAST SQUARES RATE CONSTMIT 
AVERAGE RATE CONSTAÎ T̂ 
CORRELATION COEFFICIENT 
STAÎ IDARD DEVIATION FROM fEAI: 
AMIDE CONCENTRATION 
ACID CATALYST CONClNTR/lTION 

























N-3THYLACLTAiHDE AT 368.1 li 





























LEAST SQUARES RAT?. CONSTAl̂ iT 
AVERAGE RATE CONSTAI'T 
CORREIiATIOT: CONSTAliT 
STAImDARD deviation FROM MSAIs" 
AMIDE CONCENTRiLTION 
ACID CATALYST CONCEilTRATIGN 























N-ETKYLACETAMIDE AT 368.2 K 
Second Order. Two Component. Concentrations Unequal. 
CONCENTRATION TIME RATE CONSTANT 
0.2210E-01 231.00 0.2080E-03 
0.2192E-01 231.00 0.2059E-03 
0.5658E-01 1057.00 0.2071E-03 
0.5663E~01 1057.00 0.2074E-03 
0.6777B-01 1666.00 0.2105E-03 
0.6759B-01 1666.00 0.2089E-03 
0.8028E-01 3169.00 0.2109E-03 
0.8113E-01 3169.00 0.2223E-03 
0.8996E-01 6899.00 0.2050E-03 
0.9014E-01 6899.00 0.2089E-03 
0.9178E-01 8862.00 0..1956E-03 
0.9346S-01 8862.00 0.2^47E-03 
0.9453E-01 12746.00 0.2011E-03 
0.9456S-01 12746.00 0.2383E-03 
LEAST SQUARI:S RATS CONSTAI:T = 0.2119E-03 
AVERAGE RATE CONSTANT = 0.2125E-03 
CORR'.LATION COEFFICItiET = 0.9914 
STAICDARD DEVIATION FROII IffiAN = 0.1315E-04 
AMIDE CONCENTRATION = 0.1012M 
ACID CATALYST CONCENTRATION = 0,1005M 
PERCENTAGE OF REACTION FOLLOIVED = 94.99 
k8 
N-ISCPROPYLAj">ETAI-in)E AT 368.1 K 
Second Order. Two Component. Concentrations Equal. 
CONCENTRATION TIME RATE CONSTANT 
0.1941E-01 604-67 0,6515E-04 
0.1937K-01 604.67 0,6496E-04 
0.1946E-01 604-67 0.6533E-04 
0.3765S-01 1521.00 0.6467E-04 
0.3749E-01 1521.00 0»6^30E-04 
0.4525E-01 2040.00 0.6593E-04 
0.4512E-01 2040.00 0.6558E-04 
0.5540E-01 3111 ,67 O.6474E-O4 
0.5584E-01 3111.67 O.659OE-O4 
0.6395E-01 4356.67 0.6575S-04 
0.6431E~01 4356.67 0.6676E-04 
0.6431E-01 4355.00 0.6678E-04 
0,6431B-01 4355.00 0.6678E-04 
0,70513-01 5791.67 0.6632E-04 
0.7047E-01 5791.67 0.6619E-04 
0.7557E-01 7335.00 O.6734E-O4 
0.7534E-01 7335.00 0.6655E-04 
0.7534E-01 7331.67 O.669OB-O4 
0.7521L-01 7331.67 0.6612E-04 
LEAST SQUARES RATE CONSTAî-̂ T = 0.6698E-04 
AVERAGE RATE CONSTAÎ T = 0,6590E~04 
CORRELATION CŒFFICIEÎ^T = 0.9999 
STAIÎDARD DEVIATION FROH BEAIT = 0.8399S-04 
AMIDE CONCENTRATION = 0.1007M 
ACID CATALYST CONCENTRATION = O.IOO4M 
PERCENTAGE OP REACTION FOLLOWED = 74.58 
N-ISOPROPYLACETAMIDE AT 338.1 . K "RUU 1 
Second Order., Two Component. C o n c e n t r a t i o n s Unequa l . 
CONCENTRATION TB3E RATE CONSTANT 
0 . 3 5 8 7 E - 0 2 1 5 0 2 . 0 0 0 .^139S~05 
0 . 3 7 9 8 E - 0 2 1 5 0 2 . 0 0 0 . 4 3 9 0 E - 0 5 
0^3064E-02 1 6 5 4 9 . 0 0 0 . 4 4 3 6 E - 0 5 
0^4347E-02 2 8 0 7 4 . 0 0 0 .4539E-05 
0_4359S-02 2 8 0 7 4 . 0 0 0 .4563E-05 
0 .5153E-01 3 9 5 6 1 . 0 0 0 .4443E-05 
0 ,5144E-01 3 9 5 6 1 . 0 0 0 .4428E-05 
0 .6524E-01 6 2 6 6 5 . 0 0 0 , 4 9 1 9 S - 0 5 
0 . 6 6 2 5 S - 0 1 6 2 6 6 5 . 0 0 0 . 5 1 4 2 S - 0 5 
0 .6431E-01 6 2 6 6 5 . 0 0 0 .4726E-05 
0 .7094E-01 8 2 7 1 8 . 0 0 0 .4824E-05 
0 .7090E-01 8 2 7 1 8 . 0 0 0 .4814E-05 
0 .7959E-01 150523 .00 O.48I4E-O5 
Q.8005E-01 150523 .00 0 .4303E-05 
LEAST SQUARES RATE CONSTAITT 
AVERAGE RATE CONSTAIiT 
CORRECTION COEFFICIENT 
STANDARD DEVIATION FROM I-IEAN 
AMIDE CONCENTRATION 
ACID CATALYST CONCENTRATION 
PERCENTAGE OF REACTION FOLLOli/ED 
0 ,4239E-05 
0 .4561E-05 
0 . 9 9 4 6 
0 . 2 7 8 9 E - 0 6 
0»1011M 
0.1006M 
7 9 . 5 8 
N-ISOPROPYLACr.TAIilDE AT 3 6 8 . 2 K 
Second Order^ Two Component. C o n c e n t r a t i o n s Unequal . 
CONCENTRATION T B ® RATE CONSTAITT 
0 . 8 1 5 5 E - 0 2 2 1 6 . 0 0 0 .701IE-O4 
0 ,8155E~02 2 1 6 , 0 0 0 . 7 0 1 I S - 0 4 
CL2934E-01 1042 .00 0 . 6 7 7 5 E - 0 4 
0 .2961E-01 1042 ,00 0 .6862E-04 
0 .3953E-01 1648 .00 0 . 6 7 3 4 S - 0 4 
0 .3936E-01 1648 .00 0 .6685E-04 
0 .5593E-01 3 1 5 1 . 0 0 O.68IOB-O4 
0 .5606E-01 3 1 5 1 . 0 0 0 .6847E-04 
0 .7379E-01 6 8 8 1 . 0 0 0 ,6850E-04 
0 .7384E-01 6 8 8 1 . 0 0 O.6866E-O4 
0 ,7836E-01 8 8 4 3 . 0 0 0 ,6819E-04 
0 .7858E-01 8 8 4 3 . 0 0 0 .6907E-04 
0 .8430E-01 12976 .00 0 .6815E-04 
0 .8501E-01 12976 .00 0 .7184E-04 
LEAST SQUARES RATE CONSTA]̂ ; T = 0 ,6733E-04 
AVERAGE RATE CONSTAITT 
CORRELATION COEFFICIENT 
STAiiDARD DEVIATION FROM MEAN 
AMIDE CONCENTRATION 
ACID CATALYST CONCENTRATION 
PERCENTAGE OF REACTION FOLLOl/ED 
0 . 6 8 7 0 E - 0 4 
0 .9995 
0 .1229E-05 
0 J 0 0 7 M 
0.1005M 
8 4 . 5 8 
N-ISOPROPYIACETAMIDE AT 358,1 K ROT 2 
Second Order. Two Component• Concentrations Unequal, 
CONCElvITRATION TIME RATE CONSTANT 
0.1337E-02 546.00 0.4399E~05 
0.1693E-02 546,00 0.5591E-05 
0.4367E-02 1681.00 0,4816E-05 
0,4278E-02 1681.00 0.4714E-05 
0,7887B-02 3245-00 0,4682E-05 
0,8110E-02 3245c00 0.4826E~05 
0,8021E-02 3245.00 0.4769E-05 
0.1283E-01 5540.00 0.4722E-05 
0.1283E-01 5540.00 0.4722E-05 
0.1658S-01 7741.00 0.4566E-05 
0.1693E-01 7741.00 0.4685E-05 
0,2010S-01 9817-00 0.4563E-05 
0.2059E-01 9817.00 0.4704E-05 
0.2424E-01 12627.00 0.4520E-05 
0,2464E-01 12627,00 0.4620S-05 
0.2914E-01 16045.00 0.4581E-05 
0.2925E-01 16045-00 0.4601E-05 
0.3592E-01 21904.00 0.4588E-05 
0.3614E-01 21904.00 0.4633E-05 
LEAST SQUARES RATE CONSTAITT 
AVERAGE RATE CONSTANT 
CORRELATION COEFFICIENT 
STANDARD DEVIATION PROM I'EAK 
AMIDE CONCENTRATION 
ACID CATALYST CONCENTRATION 








N-ISOPROPYLA.CDTAIIIDE AT 348.1 K 
Second Order• Two Component, Concentrations Equal« 
CONCENTRATION TBE RATE CONSTANT 
0.9816E-02 U79 .00 0,1195E-04 
0,986lE-02 1479.00 0.1201E-04 
0.2017E-01 3415,00 0.1197E~04 
0.2012E-01 3415.00 0.1194B-04 
0.2017E-01 3413.00 0.1198E-04 
0.2026E-01 3^13,00 0.1204E-04 
0.5003E-01 588U00 0.1176E-04 
0.3054E-01 5881.00 0.1193E-04 
0.3003E-01 5878,00 0.1177E'-04 
0,3025B-01 5878.00 0.1189E~04 
0.4096E-01 9206.00 0.1207E-04 
0.4078E-01 9206.00 0,1198E~04 
0.4092B-01 9202.00 0,1205E-04 
0.4181E-01 9202.00 0.1250E-04 
0.4957E-01 13652.00 0,1146E-O4 
0.4993E-01 13652.00 0.1162E-04 
0.4966E-01 13650.00 0.1150E--04 
LEAST SQUARES RATE COIiSTANT 
AVERAGE RATE CONSTANT 
CORRELATION COEFFICIENT 
STANDARD DEVIATION FROM liEAN 
AMIDE CONCENTRATION 
ACID CATALYST CONCENTRATION 








N-ISOPROPYLACETMIDS AT 558.1 K 
Second Order, Two Component, Concentrat ions Unequal. 
CONCENTRATION TIME RATE CONSTANT 
0.7946E-02 469.20 0.3007E-04 
0.7816E-02 469.20 0,2954E-04 
0.1268E-01 790,98 0.2995E-04 
0.1237E-01 790.98 0.2913E~04 
0.1993E-01 1390.98 0.2913E--04 
0,1924E-.01 1390.98 0.2788E-04 
0.2788E-01 2232.00 0.2809E~04 
0-2822E-01 2232.00 0.2858E-04 
0,3786E-01 3391,00 0.2900E-04 
0.3791E-01 3391.00 0.2905E-04 
0.4715E-01 4875.00 0.2935E-04 
0.4707S-01 4875.00 0.2925E-04 
0.5623S-01 7274.00 0.2807E-04 
0.5623E-01 7238.04 0.2821E-04 
0.6409E-01 9445.98 0.2969E -04 
0.6404E-01 9445.98 0.2963E-04 
LEAST Si^ARES RaTE CONSTAITT 
AVERAGE RATE CONSTiiliT 
CORRELATION COEFFICIEITT 
STAI:DiiRD DEVIaTIOiI PROH MEAN 
m iDE COLICENTRATION 
ACID Ca ta lys t co j ce f t r / iT IOn 








N-ISOPROPYLACETA] îIDE AT 362.8 K 





























LEAST SQUARES RATE CONSTAÎ T 
AVERAGE RATE CONSTAî T 
CORRELATION COEFFICIENT 
STAiTOARD DEVIATION FROM MEAN 
AMIDE CONCENTRATION 
ACID CATALYST CONCENTRATION 






















M-BUTYLACETli'IIDE AT 338.1K RUIT 1 
Second Order. Two Component, Concentrations Unequal. 
CONCENTRATION TiriE RATS CONSTANT 
0.3698E-02 647-00 0.1071E-04 
0.3921E-02 647.00 0.1138E-04 
0.1007E-01 1782.00 0.1136E-04 
0.1016E-01 1782.00 0.1147E-04 
0.1007E-O1 1782,00 0.1136E-04 
O.17I6::^-OI 3345.00 0.1123E-04 
0.1738E-01 3345.00 0.1140E-04 
0.1742E-01 3345.00 0.1144E-04 
0.2616E-^01 5639.00 0.1144S-04 
0.2633E-01 5639.00 0.1155E-04 
7840.00 0.1176E-04 
0»3338S-01 7840.00 0.1169E-04 
0.3868E~01 9916,00 0,1169E-04 
0.3881E-01 9916.00 0.1175E-04 
0.4487E-01 12726.00 0.1182E-04 
0,4501 .-01 12726.00 0.1188E-04 
0.5031S-01 16143.00 0,1166E-04 
0.5040Zi-01 16143^00 0.1170E-04 
0.5815S-01 22002»00 0,1188E-04 
0.5476S-01 22002.00 0.1030E-04 
LEAST SQUARES RATE CONSTAiiT = 0.1114E-04 
AVERAGE RATE CONSTAITT = 0.1147E-04 
CORRELATION COEFFICIENT = 0.9963 
STAI^ARD DEVIATI on ij'ROM MEAN = 0.3793E-06 
AI-IIDE CONCENTRiiTION = 0.0983M 
ACID CATALYST CONCENTRATION = 0,0958M 
PERCE1\T?AGE OF REACTION FOLLO;/SD = 57.17 
M-BUTYLACETMIDE AT 338,1 K RUN 2 
Second Order» Two Component. C o n c e n t r a t i o n s Unequal, 
CONCENTRATION TUCE RATE CONSTANT 
0.1539E-01 2640 ,00 0,1150E~04 
0 .1544E-01 2640 .00 0 .1154E-04 
0 .1565E-01 2640 .00 0o1172E-04 
0 .3697E-01 8448 .00 0 .1153E-04 
0 .3714E-01 8448 .00 0 e 1 l 6 l E - 0 4 
0,4997E-01 14215.00 0 J 1 6 3 E - 0 4 
0.4942E-01 14215.00 0 .1138E-04 
0 ,6417E-01 24276.00 0 .1213S-04 
0,6498E-01 24276.00 0 .1256E-04 
0,6882E-01 31474.00 0 .1149E-04 
0 ,6938E-01 31474.00 0 .1178E-04 
0.6997E-01 31474-00 0 .1211E-04 
0 .7594E-01 44463 .00 0.1154E-C4 
0,7607E-01 44463 .00 0,1162E~04 
0,7991E-01 54598 .00 0 .1176E-04 
0,7961E-01 54598c00 0 .1155S-04 
0 .8438E-01 74982 .00 0.1150E~04 
0,8511E-01 74982 .00 0»1213E-04 
0.8592E-01 85140 .00 0.1137E~04 
0-8562E-01 85140 .00 0 .1111E-04 
LEAST SQUARES RATE COKSTAInFT 
AVERAGE RATE CONSTANT 
CORRELATION COEFFICIENT 
STAIiDARD DEVIATION FROM l̂ IEAl̂  
AHIDS CONCENTRATION 
ACID CATALYST CONCENTRATION 
PERCENTAGE OF REACTION FOLLOl^D 
= 0e1126E-04 
= 0 .116SE-04 
= 0 , 9 9 8 8 
- 0 .3231S-06 
= 0e1009M 
= 0.1008M 
= 8 4 . 9 4 
M - B U T Y L A C E T M I D E AT 348,5 K 
Second Order, Two Component• 
mm 1 
Concentrations Equal. 
CONCENTRATION TIME RATE CONSTANT 
- 1122,00 0,2903E-04 
- 1122,00 0.2983E-04 
- 1122.00 0,2753E-04 
— 1814,00 0.2851E~04 
— 1813.00 0.2913E-04 
2870.00 0.2920E-04 
— 4649.00 0,2919E-04 
- 4447.00 0.2920E-04 
— 6908.00 0,2953E-04 
— 6903.00 0.2953E-04 
— 9807.00 0.2960E-04 
LEAST SQUARES RATE CONSTANT = 0.2970E-04 
AVERAGE RATE CONSTANT = 0,2912E-04 
CORRELATION COEFFICIENT = 0.9999 
STANDARD DEVIATION FROM i-IEAN = 0.6022E-06 
AI'IIDE CONCENTRATION = 0,1007M 
ACID CATALYST CONCENTRATION = 0.1006M 
PERCENTAGE OF REACTION F0LL0I7ED = N.D. 
N-H-BUTILACETMIDE AT 348,5 K ROT 2 
Second Order, Two Component. Concentrations Equal. 
CONCSNTRiiTION TIME RATE CONSTANT 
- 778,00 0.3061E-04 
- 2272.00 0.2991E-04 
- 2272.00 0,2937E-04 
- 2962.00 0,2970E-04 
- 2964.00 0.2962E-04 
- 3741,00 0,2960E-.04 
- 5184,00 0.2967E-04 
- 6525,00 0.2994E-04 
— 8058,00 0,2984E-04 
LEAST SQUARES RATE CONSTAfIT = 0.2987E-04 
AVERiiGE RATE COiTSTAiTT 
CORRELATION COEFFICIENT 
STAUDARD DEVIATION FROM i-IEAN 
AMIDE CONCENTRATION 
ACID CATALYST CONCENTRATION 







N-N-BUTYLACETMIDE AT 358,1 K 
Second Order. Two Component• Concentrations Unequal. 
CONCENTRATION TIME RATE CONSTANT 
0.1802E-01 529.02 0,6738E-04 
0.1789E-01 529.02 0.6679E-.04 
0.2549S-01 850.02 0.6506E-04 
0.2579E-01 850.02 0.6610E-04 
0.3804E-01 1447.02 0.6812E-04 
0.3773S-01 1447.02 0.6726E-04 
0.4906E-01 2289.00 0.6699E-04 
0.4919S-01 2289.00 0.6733E-04 
0.6018E-01 3448.00 0,6884E-04 
0.6057E-01 3448.00 0.6993E-04 
0.6912E-01 4926.00 0.7014E-04 
0,6878E-.01 4926.00 0.6907E-04 
0.7690E-01 7321.00 0.6836E--04 
0,7703E--01 7321.00 0.6883E-04 
0.7690E-.01 7317.00 0.6841E-04 
0,7790E-.01 7317.00 0.7210E~04 
0.8250E-01 9594.00 0.7157E-04 
0.8272E-01 9594.00 0.7254E-04 
LEiiST SCJJMES RATE CONSTAIMT 
AVERAGE RATE CCiiSTAl̂ TT 
CORRELATION COEPPICIEl̂ JT 
STANDARD DEVIATION FROM FiEAN 
Â IIDE CONCENTRATION 
ACID CATALYST CONCENTRATION 








N-N-BUTyLA.CI]TAMIDE AT 368.1 K 
Second Order^ Two Component. 
RUN 1 
Concentrations Fiqual 
concentration TEffi RATE CONSTANT 
0.3262E-01 549.00 O.I45OE-O3 
0.3275B-01 549.00 0.1459S-03 
0.5704E-01 1459.67 O.U89E-03 
0.5708E-01 1459.67 0.1491E-03 
0.6422E-01 1985.00 0.1476E-03 
0.6440E-01 1985.00 0.1487E-03 
0.7335E-01 3058.33 0.1462E-03 
0-7357E-01 3058.33 0.1478E-03 
0.8013E-01 4306.67 0.1510E-03 
0.7973E-01 4305.00 0.1475E-03 
0.7973E-01 4305.00 0.1475E~03 
O.843OE-OI 5741.67 0.1497E-03 
0.8452E-01 5741.67 0.1522E-03 
0.8718E--01 7276.67 0.1485E-03 
0.8709E-01 7276.67 0.1474E-03 
0.8713E--01 7276.67 0.1479E-03 
O.87O4S-OI 7276.67 0.1468E-03 
LEAST SQUARES RATE CONSTAilT 
AVERAGE RATE CONSTAITT 
CORRELATION GO-IEPICIEITT 
STAI^mRD DEVIATION PROII KliAN 
AMIDE CONCEl'TRATION 
ACID CATALYST CONCENTRATION 








N-N-BUTYLACETAillDE AT 368.1 K R W 2 





























LEAST SQUARES RATE CONSTAI'TT 
AVERAGE RATE CONSTANT 
CORRELATION COEFPICIENT 
STAi:DARD DEVIATION FROM MEAN 
AEIDE CONCENTRATION 
ACID CATALYST CONCENTRATION 






















N-ISO-BUTYIACETArl lDE AT 3 3 8 . 1 K 
Second Order . Two Component. C o n c e n t r a t i o n s Unequal , 
CONCENTRATION T H E RATE CONSTANT 
0 . 9 3 1 5 E - 0 2 2200.00 0 . 7 8 5 V E - 0 5 
0 . 1 0 2 8 E - 0 1 2200.00 0.8766E-05 
0 . 3 1 8 1 E - 0 1 9398.00 0 , 8 3 4 1 E - 0 5 
0 . 3 1 9 0 E - 0 1 9398.00 0 . 8 3 7 5 E - 0 5 
0.4732E- .01 1 8 2 5 8 . 0 0 0 . 8 2 5 4 E - 0 5 
0 . 4 7 5 0 E - 0 1 18258.00 0 . 8 3 1 2 E - 0 5 
0 . 5 7 8 3 E - 0 1 2 8 1 2 8 . 0 0 0,8162E~05 
0 , 5 8 0 0 E - 0 1 2 8 1 2 8 , 0 0 0 . 8 2 2 1 E - 0 5 
0 . 6 7 6 2 E - 0 1 42506.00 0 . 8 2 0 5 E - 0 5 
0 . 6 7 4 9 E - 0 1 42506.00 0 . 8 1 5 7 E - 0 5 
0 . 7 7 5 1 E - 0 1 69158,00 0.8280E~05 
0 . 7 7 5 1 E - 0 1 69158.00 0.8280E-05 
0 . 8 1 9 0 E - 0 1 921 64 .00 0 . 8 1 2 7 E - 0 5 
0 . 8 2 2 1 E - 0 1 9 2 1 6 ^ . 0 0 0.8296S-05 
LEAST SQUARĴ iS RATE CONSTANT 
AVERAGE RATE CONSTAliT 
CORRELATION COEFFICIENT 
S T A i m R D DEVIATION FROM I®AN 
AMIDE CONCENTRATION 
ACID CATALYST COI:'CEi:TRATION 




0 . 1 8 6 1 S - 0 6 
0 . 1013M 
0.0995M 
82.62 
N-ISO-BUTYLACETAii lDE AT 3 4 8 , 2 K 
Second Order. Two Component. C o n c e n t r a t i o n s Unequal . 
CONCENTRATION TII4E RATE CONSTANT 
0 . 1 3 5 8 E - 0 1 1 1 9 2 . 0 0 O.2244E-O4 
0 . 1 3 7 6 E - 0 1 1 1 9 2 . 0 0 0 . 2 2 7 7 E - 0 4 
0 . 3 6 3 8 1 - 0 1 450^.00 0 . 2 1 5 9 E - 0 4 
0 . 3 6 2 9 S - 0 1 450^.00 0 . 2 1 5 1 S - 0 4 
0.4723ii^-01 7 1 1 5 . 0 0 0 . 2 1 3 8 E - 0 4 
0 . 4 7 4 1 E - 0 1 7 1 1 5 . 0 0 0 . 2 1 5 3 E - 0 4 
0 .5909E-01 1 1 5 1 7 . 0 0 O.213OE-O4 
0 . 5 9 5 4 E - 0 1 1 1 5 1 7 . 0 0 0 . 2 1 6 9 E - 0 4 
0 . 7 0 0 3 E - 0 1 18493-00 0 . 2 1 4 3 E - 0 4 
0 , 7 0 2 1 E ~ 0 1 18493.00 O . 2 I 6 I E - O 4 
LEAST SQUARES RATI. CONSTAl'T 
AVERAGE -RATE CONSTAl' T 
CORRELATION COEFFICIENT 
STANDARD D:..VIATI0N FROM m ÂM 
AMIDE CONC: iNTRA.TION 
ACID CATALYST CONCENTRATION 
PERCENTAGE OF K ACTION FOLLOWED 
= 0.2096E-04 
= 0 , 2 1 7 2 E - 0 4 
= 0.9999 




N-ISO-BUTYIACETAMIDE AT 548.3 K 
Second Order, Two Component, Concen t ra t ions Unequal. 
CONCEl TRATION TIME RAT7J CONSTANT 
0.1687E-01 1515.00 0.2303E-04 
0.1670E-01 1515.00 O.2274E-O4 
0.3490E-01 4273.00 0.2157E~04 
0.3498E-01 4273.00 0^2l66E-04 
0.5481E-01 9010.00 O.232OE-O4 
0,5336E-01 9010.00 O.2I88E-O4 
0.5336E-01 9010.00 O.2I88E-O4 
0.6706E-01 15809,00 0,2225E-04 
0.6679E-01 15809.00 0,2198E--04 
0.7618E-01 26325.00 O.2IO6E-.O4 
0.7649E~01 26325.00 0.2143E-04 
0.8279E-01 39174.00 0.2139E~04 
0,8283E-01 39174.00 0,2146E-04 
0,8742E-01 57868.00 0.2105E-04 
0.8768E-01 57868.00 0.2158E-04 
LEAST SQUARES RATE CONSTAÎ TT 
AVERAGE BATT. COl̂ TSTAÎ T 
CORRELATOT COEFFICIEilT 
STAi\DARD DEVIATION PROM m M 
AI-ilDE CONCENTRATION 
ACID CATALYST CONCEliTRATION 








N-ISO-BUTYLACETAMIDE AT 368.1 K RUIk 1 
Second Order• Two Component. Concent ra t ions Unequal^ 
























LEAST SQUARES RATE CONSTANT 
AVERAGE RATE CONSTAî T 
CORRELATION COEPPICIENT 
STANDARD D^jVIATION FROM MEAN 
AiilDE CONCENTRATION 
ACID CATALYST CONCENTRATION 




















N-ISO-BUTYLACSTAIilDE AT 568.1 K RUIM 2 
Second Order• Two Component* Concentrations Unequal, 
CONCENTRATION TBIE RATE CONSTANT 
0.2159E-01 390.00 0.1167E«03 
0.2H2E-01 390.00 0.1155E-03 
0.3063E-01 623-00 0.1167E~03 
0.3054E-01 623.00 0.1162E~03 
0^4839E-01 1299.00 0.1178E-03 
0.5009E-01 1299.00 0.1259E-03 
0.5882E-01 1990.00 0,1l6lE-03 
0.5869E-01 1990.00 0.1155E-03 
0.8293E-01 6361.00 0.1161E-03 
0.8280E-01 6361.00 0.1152E-03 
0,881OE-01 9930.00 0.1086S-03 
0,8897E-01 9930.00 0.1170E-03 
0.9309S-01 14312.00 0.1246E-03 
0,9509E-01 14312.00 0.1246E-03 
LEAST SQUARES RATE CONSTANT 
AVERAGE RATI'] CONSTANT 
C 0RRJ:.LAT ION O OEFP TC ILNT 
STAimRD DEVIATION FROM M. AN 
AI-IIDE CONCENTRATION 
ACID CATALYST CONCENTRATION 









N-S3C-3U?I34iLCĵ TAiIIDE AT 336.1 K 
Second Order. Two Component. Concentrations Unequal-. 
C0NG7JNTRATI0N T m RATE CONSTANT 
0,3798E-02 2244.00 0.2956S-05 
0.37985-02 2244.00 0,2956S-05 
0.1397B;-01 9443-00 0.2887E-05 
0.H23E-01 9443.00 0,2950L-05 
0.23231-01 18304.00 0,2773E-05 
0.2331'i-01 18304.00 0.2786E-05 
0.31265-01 28172.00 0.2706E-05 
0,3135S-01 28172.00 0.2717:̂ :̂ -05 
0.^0211.-01 42550,00 0.2647E~05 
0.399i:i-01 42550.00 0.2613E-05 
0.5169E-01 69203,00 0,2584S-05 
0.5209E-01 69203.00 0,2625E-05 
0.607T-01 92208.00 0.2802E-05 
0.590T''-01 92208.00 0.2611E-05 
LSAST SQUAR: RAT J CONSTANT 
AVRMGE RAT; CONSTANT 
C ORRIILAT ION C OF.PF IC I:;NT 
STAIMARD DTIVIATION FROM II^IN 
AIIID::̂  CONC:.NTRATION 
ACID CATALYST CONCK.NTRATION 







N-SHC-BUTYLAC-TAIIIDE AT 348.2 K 
Second Order. Txfo Component. Concentrations Unequal» 
CONCLNTRATION TBE RATE CONSTANT 
0.1700E-01 ^577.00 0.7666E-05 
0.1705E-01 ^577.00 0.7690E-05 
0.2376E-01 7168.00 0.7^48E-05 
0.2367E-01 7163.00 0.7412E-05 
0.3270E-01 11560.00 0.7201E-05 
0.3287E-01 11560.00 0.7258E-05 
0.4325S-01 18546.00 0.7043E-05 
0.4377K-01 18546.00 0.7195E-05 
LEAST SQUARES RATT. CONSTANT = 0,6769E-05 
AV îRAGE RAT;. COilS'TANT = 0,7364E-05 
CCRRELATION CONSTANT = 0.9998 
STAliBARD D .VXAT" ON FROM iEJAN = 0.2169E-06 
AIIIDE CONCENTRAT ION = 0.1G02M 
ACID CATALYST CO NCENTRATION = 0.0995M 
PERC .NTAG:. OP R ACTION FOLLOWED = 43.99 
N-SliC-BUTYIACSTAMIDE AT 348.3 K 
Second Order, Two Component. Concentrations Unequal. 
CONCENTRATION TIME RATE CONSTANT 
0.3981E-01 15901.00 0.7100E-05 
0.4003E-01 15901 00 0.7165E.-05 
0.5213E-01 26417.00 0.7037E-05 
0.5253E-01 26417.00 0.7149E-05 
0.6201S-01 39265.00 0.7096E-05 
0.6184E~01 39265.00 0.7043E-05 
0.7049E-01 57958.00 0.7035E-05 
0.7079S-01 57958.00 0.7139E-05 
0,7416E~01 69543.00 0,7044E-05 
0.7433B-01 69543.00 0,7109E-05 
LEAST SQUARES RATE CONSTANT = 0.6901E-05 
AVERAGE RATE CONSTAITT = 0,7092E-05 
CORRELATION C OEFFICICNT = 0.9999 
STANDARD DliVIATION FROM M I M = 0.4697E-07 
AMIDE CONC" HTRATICN = 0.1006M 
ACID CATALYST CONCENTRATION = 0.0994M 
PERCENTAGi:! OF R: ACT ION FOLLOWED = 74.78 
N-SF.C-BUTYIAC':TAi'ITDi: AT 368.1 K HUN 1 



























L]^ST SCiUAR̂ ".S RAT̂  COKSTANT 
AVERAC:. RATI. CONSTiil̂ TT 
CORRI.LATIOÌT aGE?FTCr:.NT 
STAi^DARD D"-VTAT"̂ ON FROM Ii AN 
AKIDE C0NC:jNTRATI0N 
ACID CATALYST CONCEÎ TTRATION 





















N-SEC-BUTYIACETMIDE AT 368,1 K RUN 2 
Second Order, Two Component, Concentrations Unequal. 
CONCF.NTMTION TIME RATE CONSTANT 
0 . 1 2 3 7 E - 0 1 5 1 6 , 0 0 0 . 4 6 1 4 E - 0 4 
0 , 1 2 4 6 E - 0 1 5 1 6 , 0 0 O.465OE-O4 
0 . 2 4 1 8 E - 0 1 1 1 9 3 . 0 0 0 , 4 4 9 7 E ~ 0 4 
0 . 2 4 0 1 E - 0 1 1 1 9 3 . 0 0 0 , 4 4 5 5 E - 0 4 
0 . 4 1 6 8 E - 0 1 2 8 8 9 . 0 0 0 . 4 1 4 2 E - 0 4 
0 . 4 1 6 8 E - 0 1 2 8 8 9 . 0 0 0 , ^ 1 4 2 E - 0 4 
0 . 6 0 9 0 E - 0 1 6 2 5 4 . 0 0 0 , 4 1 3 0 E - 0 4 
0 , 6 1 0 7 E - 0 1 6 2 5 4 . 0 0 0 , 4 1 6 0 E - 0 4 
0 . 7 8 3 1 5 - 0 1 1 4 2 0 4 . 0 0 0 , ^ 1 2 1 E - 0 4 
0 . 7 8 1 4 E - 0 1 1 4 2 0 4 . 0 0 0 , 4 0 8 1 E - 0 4 
L:LAST SOTJARI^S RAT". CONSTANT = 0 , 3 9 3 7 E ' ' 0 4 
AVERAGE RATE COITSTANT = 0 . 4 2 9 9 E - 0 4 
CORRELATION COR.FFICIENT = 1 , 0 0 0 0 
STANMJRD DEVIATION FROM HJIKN = 0 , 2 1 5 1 S - 0 5 
AIIIDE CONCENTRATION = 0 , 1 0 1 0 M 
ACID CATALYST CONCENTRATION = 0 . 1 0 1 3 M 
PERCENTAGE OF R:ACTION FOLLOI/ED = 7 7 . 1 4 
N-CYCLOHLXYIACETAIilDE AT 358.1 K RUN 1 
Second Order. Two Component. Concentrations Unequal, 
CONCENTRATION TIME RATE CONSTANT 
0.5821E-02 3329.00 0.4706E-05 
0.5821E-02 3329.00 0.4706E-05 
0.1178B-01 7101.00 0.4846E-05 
0.1137E-01 7101.00 0.4653E-05 
0.1697E-01 11468.00 0.4674E-05 
0.1720E-01 11468.00 0.4752E-05 
0.2329E-01 17382.00 0.4693E-05 
0.2360E-01 17382.00 0.4782E-05 
0.3081E-01 25828.00 0,4807E-05 
0.3072E-01 25828.00 0.4785E-05 
0.3820E-01 37487.00 0.4823E-05 
0.3811E-01 37487.00 0.4801E~05 
0.4393E^01 48950.00 0.4919E-05 
0.4321E-01 48950.00 0,4744E-05 
0,5029B-01 69217.00 0.4841E-05 
0.5038E-01 69217.00 0.4865E-05 
0.5029E-01 69215.00 0.4841E-05 
LEAST SQUARES RATE CONSTANT = 0.4777E-05 
AVERAGE RATE CONSTANT = 0.4779E-05 
CORRiELATION COEFFICIENT = 0.9999 
STANDARD DEVIATION PROM Î IEAN = 0.7239E-07 
AMIDE CONCENTRATION = 0.e708M 
ACID CATALYST CONCENTRATION = 0.0959M 
PERCENTAGE OP REACTION POLLO/ED = 52.44 
N-CYCLOHSXYIAGETA]>IIDE AT 338.1 K RUN 2 



































LEAST SQUARES RATE CONSTANT 
AVERAGE RATE CONSTANT 
CORRELATION COLTSTANT 
STANDARD DEVI/iTION FROM I4EAN 
AMIDE CONCENTRATION 
ACID CATALYST CONCENTRiiTION 


























N-CYCLOE^XYLACETAIilDE AT 348.1 K 
Second Order. Two Component. Concentrations Unequal. 
CONCENTRATION TBIE RATE CONSTANT 
0.1070E-01 2301,00 0.1261E-64 
0.1053E-01 2301.00 0.1237E-04 
0.2#26E-01 5160.00 O.1226E-O4 
0.2031E-01 5160.00 O.I23OE-O4 
0.2000E~01 5160.00 0.1205E-04 
0.2026E-01 5160.00 0.1226E-04 
0.2421E-01 6540.00 0.1234E-04 
0.2412E-01 6540.00 0,1228E-04 
0.3351E-01 10952.00 0.1213E-04 
0.3408E-01 10952.00 0.1248E-04 
0.3732E-01 12608.00 0.1273E-04 
0.3746E-01 12608.00 0.1281E--04 
O.34O8E-OI 10947.00 0.1249E-04 
0.3412E-01 10947.00 0.1251E-04 
LDAST SC¿UARBS RATE CONSTANT 
AVERAGE RATE CONSTANT 
CORRELATION COEFPICIEOT 
STANDARD DEVIATION FROM MEAN 
AMIDE CONCENTRATION 
ACID CATALYST CONCENTRATION 








N-CYCLOHEXYLACETAMIDE AT 358.0 K 
Second Order. Two Component. Concentrations Unequal^ 


































LEAST SQUARES RATTI CONSTANT 
AVERAGE RATE CONSTAIIT 
CORRELATION COEFFICIENT 
STAITDARD DEVIATION FROM MEAN 
AMIDE CONCr.bTRATION 
ACID CATALYST CONCENTRATION 
























N-CYCLOHEXYLACETAI'IIDI. AT 3 5 8 . 1 K 
Second Order, Two Component. Concentrations Unequal, 
CONCENTRATION TBIE RATE CONSTANT 
0 . 8 5 7 7 E - 0 2 7 8 U 0 2 0 . 2 8 9 8 E - 0 4 
0 . 8 9 2 4 E - 0 2 7 8 1 . 0 2 0 . 3 0 2 9 E - 0 4 
0 . 8 7 9 4 E - 0 2 7 8 1 . 0 2 0 , 2 9 8 0 E - 0 4 
0 , 1 4 7 3 E - 0 1 1 4 3 8 . 0 2 0 . 2 9 4 5 E - 0 4 
0 . 1 5 1 6 E - 0 1 1 4 3 8 . 0 2 0 . 3 0 5 0 E - 0 4 
0 - 2 4 6 1 E - 0 1 2 7 5 1 . 0 0 0 . 3 0 0 5 E - 0 4 
0 . 2 4 4 3 E - 0 1 2 7 5 1 . 0 0 0 . 2 9 7 5 E - 0 4 
0 . 3 6 5 2 E - 0 1 5 0 3 8 . 9 8 0 . 3 0 6 3 E ~ 0 4 
0 , 3 6 1 7 E - 0 1 5 0 3 8 . 9 8 O .3OIIE-O4 
0 . 4 1 5 0 E - 0 1 6 4 9 0 . 0 2 0 , 3 0 3 3 E - 0 4 
0 . 4 2 2 8 E - 0 1 6 4 9 0 . 0 2 0 . 3 1 5 1 E - 0 4 
0 , 5 1 5 9 E - 0 1 1 0 7 6 5 . 0 0 0 . 3 0 4 2 E - 0 4 
0 . 5 1 5 5 E - 0 1 1 0 7 6 5 . 0 0 0 . 3 0 3 5 E - 0 4 
0 , 5 1 4 2 E - 0 1 1 0 7 6 2 . 0 0 0 . 3 0 1 5 E - 0 4 
0 . 5 1 5 1 E - 0 1 1 0 7 6 2 . 0 0 0 . 3 0 2 9 E - 0 4 
LEAST SQUARES RATE CONSTANT = 0 . 2 9 5 3 E - 0 4 
AVERAGE RATE CONSTAITT = 0 . 3 0 1 7 E - 0 4 
CORRELATION COEFFICIENT = 0 , 9 9 9 8 
STAIIDARD DEVIATION FROM MEAN = 0 , 5 5 0 6 E - 0 6 
AMIDE CONCENTRATION = 0.071OM 
ACID CATALYST CONCENTRATION = 0 .1021M 
PERCENTAGE OF REACTION FOLLO\CED = 5 0 . 4 5 
N-CYCLOHB}:YIAC::TAI4IDE AT 3 6 8 . 3 K 
Second Order. Two Component. Concentrations Unequal. 
CONCENTRATION T U G RATE CONSTANT 
0 . 2 8 7 8 E - 0 1 1 4 9 6 . 0 0 0 . 7 2 5 5 E ~ 0 4 
0 . 4 1 9 8 E - 0 1 2 8 6 9 . 0 0 0 . 7 3 5 8 E - 0 4 
0 , 4 2 1 5 E - 0 1 2 8 6 9 . 0 0 0 , 7 4 2 2 E - 0 4 
0 . 5 6 1 0 E - 0 1 6 0 4 8 . 0 0 0 . 7 3 8 3 E - 0 4 
0 . 5 5 8 8 E - 0 1 6 0 4 8 . 0 0 0 . 7 2 8 5 E - 0 4 
0 . 6 2 3 9 E - 0 1 8 8 2 5 . 0 0 0 . 7 7 8 8 E - 0 4 
0 . 6 2 5 2 E - 0 1 8 8 2 5 . 0 0 0 . 7 8 7 1 E - 0 4 
0 . 6 6 1 1 E - 0 1 1 2 4 5 2 . 0 0 0 . 7 8 0 7 E - 0 4 
0 . 6 6 2 9 E - 0 1 1 2 4 5 2 . 0 0 0 . 7 9 6 4 E - 0 4 
0 , 6 8 0 6 S - 0 1 1 5 4 3 1 . 0 0 0 , 8 1 1 8 E - 0 4 
0 . 6 7 8 8 E - 0 1 1 5 4 3 1 . 0 0 0 . 7 9 0 2 E - 0 4 
0 . 6 9 2 1 E - 0 1 1 9 7 3 6 . 0 0 0 . 7 8 3 2 E - 0 4 
0 . 6 8 9 9 E - 0 1 1 9 7 3 6 , 0 0 0 . 7 4 7 5 E - 0 4 
LEAST SQUARES RATI ] CONSTANT = 0 . 7 5 9 2 E - 0 4 
AVTCRAGE RA.T2 CONSTANT 
CORR^ILATION COEFFTCENT 
STAI^DARD DEVIATION FROM TLEAN 
AHIDE COKCLHTRATION 
ACID CATALYST CONCI.NTRATION 
= 0 . 7 6 5 1 E - 0 4 
= 0 , 9 9 8 5 
= 0 .2822E~05 
= O.O7O9M 
= 0 .0992M 
PERCEITTAGC OF REACTION FOLLOVED = 6 9 - 4 7 
N-BENZYIACETAMIDE AT 338.1 K RUN 1 
Second Order. Two Component. Concentrations Equal, 
CONCENTRATION'. TIME RATE CONSTANT 
0.1876E-01 3240.00 0,12521-04 
0,1926E-01 3240.00. 0.1293S-04 
0.2978E-01 5776.00 0,1294E-04 
0,2960E-01 5776.00 0,1282S-04 
0.4088E~01 9168.00 0.1335S-04 
0.4003E-01 9168.00 0,1288E-04 
0^4818E-01 12853.00 0.1285E-04 
0.4868E-01 12853.00 0.1311E-04 
0,5530E-01 17325.00 0,1275E-04 
0,5544E-01 •17325.06 0,1282E-04 
0.6336E-01 23377.00 0.1332E-04 
0.6265E-01 23377.00 0.1291E-'04 
0.7129E-01 35068.00 0.1292E-04 
0,7147E-01 35068,00 0.1304E-04 
0,7729E-01 48892.00 0.1292E-04 
0.7742E-01 48892.00 0.1303E-04 
0.8190E-01 69275.00 0.1239E-04 
0.8240S-01 69275.00 0.1285E-04 
L^iAST SCUARES RAT". CONSTANT = 0,1248E-.04 
AVr̂ jRAGE rat:: constant = 0.1291E-04 
CORRIJLATIOI : COEFFICIENT = 0.9996 
STANDARD D: JVIATION FROM li.AN = 0,2241E-06 
AHIDE CONG^ .NTRATION = 0.1011M 
ACID CATALYST CONCr.NTRATION = 0,0959M 
percentag:"-. OF REACTION FOLî OXJED = 85.92 
N-BENZYLACSTAiilDil AT 338.1 K RUN 2 
Second Order. Two Component. Concentrations Unequal. 
CONCENTIiATION TIME RATE CONSTANT 
0.1502E-01 2763-00 0.1302E-04 
0.1507E-01 2763.00 0.1306E-04 
0.2666E-01 5734.00 0.1313E-04 
0.2733E-01 5734.00 0.1360E~04 
0.2657E-.01 57-34.00 0.1307E-04 
0.3620E-01 8526.00 0,1407E-04 
0.3624S-01 8526.00 0.1410E-04 
0.4681E-01 14298.00 0,1346E-04 
0.4641E-01 14298.00 0.1322E-04 
0.5804E-01 24344.00 0.1316E-04 
0,5778S-01 24344.00 0.1300E-04 
0.6584E-01 35834.00 0.1337E-04 
0.6589E-01 35834.00 0.1340E-04 
0.7017E-01 45953.00 0.1353E-04 
0.7030E-01 45953.00 0.1365E-04 
0.6981S-01 45951.00 0.1322E-04 
0.7021E-01 45951.00 0.1357E-04 
0.7374E-01 60407.00 0.1325E-04 
0.7365E-01 60407.00 0.1316E-04 
LEAST SQUARES RATE COÎ STANT = 0.1317E-04 
AVERAGI; RAT:. CONSTANT = 0.1337E-04 
CORRELATION COEî 'ii'ICIENT = 0.9997 
STAITDARD DEVIATION FROM TIEAN = 0.3155E-06 
AlilDE CONCENTRATION = 0.0839M 
ACID CATALYST CONCENTRATION = 0.1005M 
PERCi.NTAGi. OF R ACTIOF FOLLOWED = 73.28 
N-BENZYIACETMIDE AT 348.1 K 
Second Order, Two Component, Concentrations Equal, 
CONCENTRATION TIME RATE CONSTANT 
0.1000E-01 585.00 0.3102E-04 
0.1013S-01 585.00 0.3148E~04 
0.2741E-01 1890.00 0.3246E-04 
0,2816E-01 1890.00 0.336,8E-04 
0.3947E-01 3149.00 0.3346E-04 
0.3934E-.01 3149.00 0.3328E-04 
0.3912E-01 3146.00 0.3301E-04 
0.3921E~01 3146.00 0.3313E-04 
0.4684E-01 4313.00 0.3285E-04 
0,4671E-01 4313.00 0.3268E-04 
0.5211E-01 5772.00 0.3018E-04 
0.5224B-01 5772.00 0.3034E-04 
0.6355E-01 8633.00 0.3192E-04 
0,6355E-01 8633.00 0.3192E-04 
0.6425E-01 8631.00 0.3288E-04 
0,6395E-01 8631.00 0.3246E-04 
0.7110S-01 11675.00 0.3283E-04 
0.7101E-01 11675.00 0.3270E-04 
LEAST SQUARES RATE CONSTANT 
AVERAGÎ  RATS CONSTANT 
CORRELATION COEFFICIENT 
STAl̂ TDARD DEVIATION FROM MEAN 
AMIDE CONCENTRATION 
ACID CATALYST CONCENTRATION 









N-BSNZYUCETAHIDE AT 358,0 K 
Second Order. Two Component. Concentrations Unequal. 
CONCENTRATION TB'IE RATE CONSTANT 
0.1210E-01 290,00 O.8O2IE-O4 
0.1205E-01 290.00 0,7991E-04 
0.3946E-01 1355.00 0.8089E-04 
0.3928E-01 1355.00 0..8028E-04 
0.5817E-01 2860.00 0.8125E-04 
0.5834E-01 2860.00 0.8184E-04 
0.7075E-01 5657.00 0.7090E-04 
O.7O4OE-OI 5657.00 0.6971E-04 
0.7937E-01 7880.00 0.8005E-04 
0.7955E-01 7880,00 O.8O9OE-O4 
0.7955E-01 7880.00 O.8O9OE-O4 
0.8513E-01 11367.00 0.8139E-04 
0.8535E-01 11367.00 0.8278E-04 
0.8821E-01 15726.00 0.7587E-04 
0.8857E-01 15726.00 0.7840E-04 
0.9178E-01 21570.00 0,803^E-04 
0.9209E-01 21570.00 0.835IE-04 
LEAST SQUARES RATL CONSTANT 
AVERAGE RATE CONSTANT 
CORR_ELATION COEFFICIENT 
STAIMRD DEVIATION FROII IFFIAN 
AI JDE CONC:TNTRA.TION 
ACID CATALYST CONCRINTR/ITION 








N-BENZYLACETAHIDB AT 358.1 K 



























LEAST SQU/JIES RATE C O N S M T 
AVERAGE RATE CONSTANT 
CORRELATION CO^;FFICIENT 
STANDARD DEVIIITION FROM LEAN 
AHIDE CONCENTRATION 
ACID CATALYST CONC: NTR/LTION 





















N-BENZmc:.TAi i ID}] AT 368.3 K 
Second Order» Two Component, Concen t ra t i ons Unequal . 
T1 
CONCENTRATION Tli^E RATE CONSTANT 
0.6121E-01 U 4 3 . 0 0 0.1878E-03 
0.6090E-01 14^3.00 0.18^4E-03 
0.7619E-01 2817.00 0.1947E-03 
0.7592E-01 2817.00 0.1919E-03 
0.8660E-01 5997.00 O.I84OE-O3 
0.8696E-01 5997.00 0.1898E-03 
0.90^1E-01 8775.00 0.1829E-03 
0.9028E-01 8775.00 0.1802E-03 
0.93741.-01 12403.00 0.2045E-03 
0.9298E-01 12403.00 0.1813E-03 
0.9476E-01 15384.00 0.1986E-03 
0.9560S-01 19692.00 0.1862E-03 
0.9555E-01 19692.00 0.1842E~03 
0.9693E-01 25483.00 O.2O86E-O3 
0.9679E-01 25483.00 0.1997E-03 
L2AST SQUARIIS RATE CONSTAHT 
AVI'mcr:] RATE CONSTANT 
CORRj;]LATION CO".FFIGIENT 
STAimRD DEVIATION FROM ICAN 
AMIDE CONC -̂,NTRATION 
ACID CATALYST CONCENTRATION 








D I S C U S S I O N 
1. COMPARISCi: CP RESULTS PGR IT^IIiLTHYL .iCLTi^HIDE 
FROM D I E P I R E M SQURGES 
There is little data in the literature that is 
comparable to that obtained in the present work. Kinetic 
results for the acid hydrolysis of IT-methyl acetauiide, 
obtained from tw 0 sources a no. from the present work5 
are recorded in Table 3. 
There is good agreement between the results of 
the present work and that of Bolton. It should be 
noted that there is good agreement between the rate 
constants of the present work and those of Mazzucato 
et a l measured at a temperature supposedly five degrees 
higher. This accounts for thegood agreement in the 
activation energies of the two sets of results. The 
possibilities of a s^/stematic error in temperature 
measurement in the latter results must be considered. 
Ih 
COnPAEJg^N OF KII^STIC RESULIS FOE iT-̂ IIETHYL i\CETi\IIIDE 
k^ i s i n l .n io le"^ . sec^^j E^ i n kca l ; aS^ in cal.deg"^mo 
the numbers i n parentheses are the standard errors of 
measurement. 
KINETIC Data 
iemperature Kazziicato et a l^^ Eolton^^' Present Work 
65.0^ - 0.224 0.223 
70.0 0.231 
75.0 0.371 0.582 0,560 
0.587 
80.0 0.547 
85.0 0.637 1.34 1.299 1.294 
90.0 1.245 
95.0 - - 2.626 
20.5 21.5(±0.3) 20.48(±0.41) 
aS^q -14.1 
aS^^ - -18.6(±0.5) - 2 1 , 5 l ( i l . l 7 ) 
/ 5 
2• igig_C.ATIQN OF 07J3ER OF REACTION 
It is desirable to shcv^ that the hydrolysis of 
N~substituted amides in dilute acid solutions follows 
the same mechanism (see p.20) that the primary 
substituted amides follow. As seen below5 the only 
evidence for this which the present results permit is 
to show that these results show the expected overall 
second-order kinetics. 
The following methods used to assess the order of 
reaction were outlined in the Introduction (see p.4) 
I - e t h 0 d of_ a_t_i on 
Ilrst and second order rate constants for a typical 
hydrolysis run (iT-ethyl acetamide at 65^) ? calculated 
respectively from the relationships 9 
^^ = 2-303 c log 
t A-x 
and k^ = 2.303 . log B(4-j0, 
t. A A (B-x) 
where A = initial concentration of amide5 moles. 
B = initial concentration of acid5 moles. 
X = concentration of acetic acid produced 
(moles. ) at time 't' (in seconds) 
first order rate constantj ^c""^ 
k = second order rate constant 5 l.mole .sec 
are .2;iven in Table 4» 
TABLE 4 









0 0 - -
0,0098 1346 0.755 0.136 
0,0104 1346 0.S04 0,145 
0.0525 11332 0,652 0.162 
0.0640 18513 0.542 0.159 
0.0643 13513 0.551 0.161 
0.0700 24307 0.491 0.158 
0.0702 24307 0.493 0.160 
0.0753 31505 0.439 0.159 
0.0746 31505 0.430 0.153 
0.0761 31505 0.449 0.166 
0.0811 44495 0.370 0.157 
0.0812 44495 0.371 0.158 
0.0S46 54629 0.338 0.162 
0.0842 54629 0.333 0.157 
O.OSSl 75012 0.279 0.156 
0.0883 75012 0.281 0.161 
The constancy of the values in the last column indicates 
second order for this reaction. The same constancy is 
seen for all the amides in the Tables of Results 
(pp,37 to 71). The rate constants are calculated as 
second order5 a high order of correlation (> 0.99) 
being observed betvv'een the data and the second order rate 
equation. 
fractional Life Period Method 
This method was applied to some of the kinetic 
results for the methyl? ethyl, n-butyl and benzyl 
derivatives. The requisite amide - concentration 
versus tisie graphs are shown in figure â d̂ the 
calculated reaction orders9 indicating second order, 




PLOTS OP AMIDE CONCENTRATION 
^ 6 7 g q 
Time, mins. x 10""̂  
i\l'Scnzyl i^celom'ide 
^ 353-0 K ' 
13 lii- IS 16 
TABLE 5 
CALCULATIONS Oî  OELER CP REACTION BY FRACTIONAL LIFE 
PEEIOB iviETH( 
Order of 
Derivative a t A Calculations Reaction 
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^ * ill en s i on 1 e s s Pax^JL^t e r_ M e t^^ 
T was calculated from the expressions 
1 C (l-n) when n ^ 1 and x = -Ina 
when n =1. From the former equation it follows that 
T = 1 a when n = 0 
T - — - 1 when n = 2 
a 
and = 1 i " 1 " = 3 
- a 
The orders cf reaction determined by this method 
for ethyl and benzyl derivatives are given as examples. 
Requisite amide - concentration time curves are sh^vm 
in fig. 5 Si'nd calculated data are recorded in Tables 
6 and 7. The comparisons of a ->- log t and a ->• log x 
curves are made in figures 6 and 7; correspondence between 
the curves occurs when n - 2j signifying that the 
reactions are second order. 
TABLE 
CALCULATED data FOR LIMENSIOl^^LESS PARAMETER 
METHOD 
T 
n 0 1 2 3 
a 
0.90 0.10 0.105 0.11 0.115 
0,80 0.20 0.223 0.25 0.230 
0 .70 Oo30 0.357 0.43 0.520 
0 .60 0.40 0.511 0.67 0.890 
0.50 0.50 0.693 1.00 lo500 
0.40 0.60 0.916 1.50 2.625 
0.30 0.70 1.204 2.33 5.055 
0.20 0.80 1.609 4.00 12.000 
0.10 0.90 2.303 9.00 49.50 
0.05 0.95 2.996 19.00 198.5 
Ci\LCULi\TED DATA PCR DIMElTSIGîJLESS PjaRâEATER METHOD 
Derivative ü t̂hĵ l Benzyl 
a t X 10 min. u X 10 min 
0.90 0.06 0.23 
0.80 0.18 0.55 
0.70 0.36 0.93 
0.60 0.56 1.42 
0.50 0.82 2.10 
0.40 1.23 3.22 
0c30 1.83 5.35 
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All three analyses show quite unequivocally^ 
that all of the aaiides studied obey second-order kinetic 
la\is over the period of time for vjhich they Vv'ere stud.ied 
This is indicative that 5 under these conditions 5 the 
^--substituted amides follow the same mechanism 
of hydrolysis as the primary substituted amides. 
3. AmiJolS CP REDULTS IIT ÏSÏIÎ.CS CP STRUCTURE -
In the subsequent discussion frequent reference 
is made to ac^rl and alkyl parts of^qarboxylate 
compounds. As clarification in R-C ? the group 
R attached to the carbonyl groupj is the alkyl 
TT 
substituent of the acyl part and R ' in - is that 
of the alkyl parti similar definitions appiy to esters 
and thiolesters. The terms acyl - and alkyl -
substitution refer to groups placed in the R and R̂  
positions s respectively. 
( a ) 
Previous structure - reactivity kinetic studies 
of the hydrolysis of amides and other carboxyl 
compounds have been limited mainly to substituent 
. . -, 12, 14s 54 changes in the acyl part of -:;he molecules. 
In terms of the T a f t a n a l y s i s 5 the k i n e t i c data 
f o r the a c i d and a l k a l i n e c a t a l y s e d h y d r o l y s e s of a c y l 
U U U Ky 
s u b s t i t u t e d e s t e r s a r e used to d e f i n e the s u b s t i t u e n t 
para'uieters E ( s t e r i c ) and cf-'̂  ( p o l a r ) [ s e e page I S ] . 
2 ^ 
iioviever, l iancock and h i s co-Vv^orkers have i n d i c a t e d 
t h a t s u b s t i t u e n t paracieters s o - d e f i n e d may c o n t a i n an 
a p p r e c i a b l e c o n t r i b u t i o n from h y p e r c o n j u g a t i v e f a c t o r s 
and have s u g g e s t e d vjays of removing t h e s e . 
For the d i l u t e a c i d hydrol^-sis of a c y l -
s u b s t i t u t e d amides p B r u y l a n t s and ICezdy-^ found the 
k i n e t i c s to be s t e r i c a l l y c o n t r o l l e d but the l a t e r 2 2 '0 
s t u d i e s of B o l t o n and o t h e r s have i n d i c a t e d 
com:bined s t e r i c and h y p e r c o n j u g a t i v e c o n t r o l . The 
l a t t e r v iorkers , r e a l i s i n g t h a t the number of a -
hydrogaas appears t o i n f l u e n c e the k i n e t i c s , used . c ̂  ̂  
Hancock and o t h e r s ' ' p u r e ' s t e r i c parameters Eg 
from vJhich i t i s c laimed h y p e r c o n j u g a t i v e e f f e c t s 
a r e removed, and obt-,ined e x c e l l e n t c o r r e l a ' c i o n 
betv.'een the k i n e t i c data .-nd the s u b s t i t u e n t paramaters 
E^ and n~3 (phere 'n" i s the number of a ~ hj-drogens). 
s 
s t a t i s t i c a l assessment ox p o l a r i t y e f f e c t s was 
r e s t r i c t e d by the l i m i t e d range of p o l a r i t y of the 
s u b s t i t u e n t s s t u d i e d and a l though the e f f e c t i s 
conrAdered n e g l i g i b l e , i t i s probably not the f i n a l 
word on the s u b j e c t . 
For the dilute aliiialine hydrolysis of acyl -
suta&titLrced amides 5 Bolton and Jackson achieved 
excellent correlation of tae kinetics \^ith a linearly 
combined siX'-paraaieter equation involving a ^ E*̂  and o 
n - 3 parauieters. 
(b) sen^ Jl^S 
Using multiple regression analyses correlations 
\jere obtained between tae kinetic data for the acid 
hydrolysis of iT~substituted acetamides and the Taft 
eq_U(vtions. 
log k = log k^ + p o 0 , . o o c o . (l) 
log k = log + 6 .Es • o 0 (a) 
and log i:- = log k + p . E s o,..(3) 
Results of ohese analyses 5 using the rate data 
obtained at 75^, ore given in fable 9. 
Dubstituent and kinetic data required for 
correlations are given in Table 8. 
A computer programme for these and subsequent 
correlations was obtained from the Computer 
Programme Library of the Chemistry Department 
of the V/ollongong University College, Explanations 




i s opropy l 
n~butyl 
i s o b u t y l 
s e c b u t y l 
ben^-yl 
c y c l o h e x y l 
Ti" 
0.00 
- 0 . 0 7 
- 0 . 4 7 
- 0 . 3 9 
- 0 . S 3 
- 1 . 1 3 
-0o38 
- 0 . 7 9 
jjj ^ b 
0,00 
- 0 . 3 S 
- 1 . 0 3 
- 0 . 7 0 
- 1 . 2 4 




ÎJ , Á , 
i j s 
0.00 
cx)̂- a6 - l o g 1̂ 75 
N . A . 
0 .000 0 4 .652 
- 0 . 0 9 - 0 . 1 2 - 0 . 1 0 0 -3 4 .807 
- 0 . 4 2 •0.71 - 0 . 1 9 0 -6 5 .347 
5.373 
--0.34 - 0 . 3 5 - 0 . 1 3 0 0 4.948 4-953 
- 0 . 2 2 - 0 . 4 5 - 0 . 1 2 5 ^ ^.093 




4 .901 4 .90 
4.947 






5 . 1 6 9 
5 .161 
4 .499 
- 1 . 1 0 - 0 , 1 5 N.A. 5 .330 4 .906 
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TABLE, 9 
ACIDI^ EYmCLYSI^. Og, AMINES 
Q 
quation (l) (2) (3) 
Polar Steric Polar + oteric 
No. oi 
Substrates 8 8 8 
p'^ 1 . 4 0 2 ~ 0 . 6 4 9 
6 - 0 . 6 5 9 0 . 5 5 6 
l o g k ^ - 4 . 5 5 1 - 4 o 3 2 9 - 4 . 3 2 6 
Corr. Coeff. 0 . 6 1 6 0 3 4 6 0 . 8 S 2 
S . D . 0 . 2 3 0 0 . 1 5 6 0 . 1 3 8 
Variance 0 . 4 2 3 0 . 1 9 5 0 . 1 5 2 
Leg. of Freedom 6 6 5 
t - test 1.92 3.89 4.59 
Significance 10.0 l.Ô o 0.5;̂  
V^IAjlG E . Mj^jl,!. - jJgJ' 
Indication of Improvement in Correlation due to 
Inclusion of Polar Jĵ ffeet 
'O Deg Significance 
Ecu-;ticn Variance Preodom F __ Levej^ 
l o g K ^ = 6 . E s 0 . 1 9 5 6 KQ 
1.28 >25-^ 
6 . S s 0 . 1 5 2 5 
At the "best the correlations are fair. The 
variance ratio in Table 9 shows that equation 
(3) does not correlate the data si^niiicantly better 
than equation (2), indicating that polar effects are 
insignificant. 
iv slightly improved correlation (Table 10) 
results v/hen the pure steric parameterj E^ is used, 
viz., the relationship, 
log k = log k + 6 W 
U o 
Hovjever, as shown by a variance ratio test, the 
improvement in correlation over that obtocined using 
the parameter is only significant at the 25/^ level. 
Note that in correlations involving E^, data o 
for tlv̂  cyclohexyl and benzyl substituents have been 
omitted. This is because in these substituents the 
a - hydrogens do not have the freedom of rotation 
necessary for hyperconjugative interaction and hence 
their E values cannot be corrected, 
s 
a. bee Appendix, p 120 
_ Q o r r e t h e B^ paramters - Analysis^ a t 
Equat ion (4 ) 
P u r e - S t e r i c 
No. of 
S u b s t r a t e s 6 
6 0 .468 
l og k^ - 4 . 2 9 9 
C c r r . C o e f f . 0 .923 
S.D. 0 . 1 2 1 • 
Va r i ance 0 . 088 
Deg, of Freedom 4 
t - ' t e s t 4 . 80 
S i g n i f i c a n c e 
Leve l 1.0/^ 
_ c -I n d i c a t i on of improvement i n c c r r e l a t i o n _ b y ^ using^ Ê^ or Ê^ 
S i g n i f i c a n c e 
E^uaJ^ion Dê s;. Ereedom E .jjgX^̂ —^ 
l o g r - = ó.Es 0 .195 6 
^ 0 
2 .22 25?o 
log^^ = ^ '^ s 0 .083 4 
To examine if the above findings \̂ ere general 
to the acid hydrolyses of alkyl substituted carboxyllate 
couipoundSj analyses similar to the above were carried 
56 
out on soQie kinetic data taken from the literature 
for the acid hydrolysis of alkyl acetates and thiolacetates 
in aqueous acetone. The results are given in Tables 11 
and 12. 
TABLE 1 1 
IS_ A C E T i T E E S T E R S 
E q u a t i o n ( 1 ) 
P o l a r 
( 2 ) 
S t e r i c 
( 3 ) 
P o l a r + S t e r i c 
( 4 ) 
P u r e S t 
No. o f 
S u b s t r a t e s 4 4 4 4 
P* 
2 . 2 6 0 — 2 . 0 7 5 
6 - 0 , 2 3 4 0 . 0 5 7 0 , 2 8 0 
l e g k^ ~ 0 c 3 0 5 - 0 . 9 3 5 - -00803 - O c 850 
C o r r . C o e f f . 0 . 9 5 1 0 . 6 4 8 0 . 9 5 7 0 . 8 7 4 
0 . 0 5 0 0 . 1 2 4 Oc 047 O0O79 
V a r i a n c e 0 . 0 1 0 0 , 6 1 1 0 . 0 0 8 9 0 . 0 2 5 
D e g . o f 
F r e e d o m 2 2 1 2 
t - t e s t 4 . 3 5 1 . 2 0 4 , 6 6 2 . 5 4 
S i g n i f i c a n c e 
L e v e l 5.07o 4 0 . 0 ^ 2 0 . 0̂ ^ lO.O^C 
Vi \RI i \ iTCE R i \ T I C P - T E S T S 
I n d i c a t i c n of I m p r o v e m e n t i n C o r r e l a t i o n due t o 
S i g n i f i c a n c e 
l o g ^ ^ Ò . E s 0 , 6 1 1 2 
^^ 68o6 l O . O f i 
1 0 p̂ WT + 6 • Es 
0o0089 
- c 
I n d i c a t i o n o f B e t t e r C o r r e 3 ^ i t i j ) n bj^ 
____. . . . ^ -- - ' --- - - - S i gn i f i c a n c e 
¿ S t a t i o n X E i ^ i s n e e E ^ i ^ X S l . ^ , ^̂  
l o g ^ ^ 6 . E s O 0 6 I I 2 
0 2 4 » 4 5 . 
l o g ^ = 6 . E ^ 0 . 0 2 5 2 
-ACIDIC HYDROLYSIS OP THIOMCSTi\IS ESTERS 
Equations (l) (2) (3) (4) 
Polar bter ic l o l a r -f Ster ic Pure 
No. of 
Substrates 4 4 4 4 
0.892 - 0.712 
0.133 0,056 0.121 
log k^ - 2 . 4 2 3 --2.467 - 2 . 4 2 1 -2 .434 
Corr .Coeff . O.G96 0.728 0.S29 0.902 
S.D. 0.030 0.047 0.025 O0O29 
Variance 0.0036 0.0087 0.0025 0.0034 
D o f 
EreedOQi 2 2 1 2 
t - t e s t 2.35 1 . 3 3 3-56 2.95 
S i g n i f i c a n c e Level 10.0^^ 40.0^ 20.Ov^ 10.0 ;̂̂  
VARIi\NCE__RATIO E-IEST 
I n d i c a t i o n of Irnprovement i n Correlat ion due to 
Inc lus ion of f o l a r i:.ifect 
ueg. S ignif icance 
Equation Variance Freedom E Level 
l o g ™ 6,Es 0.0087 2 
3.2 > 2^10 
Es 0.0027 1 
0 
Deg. S ignif icance 
Ereedom E 
l o - ^ - S.Es 0,0087 2 
'0 2.56 25.0;o 
log|- = 6.E° 0.0034 2 
0 
Variance ratio tests In the above tables 
indicate that polar effects make negligible iinprovement 
to the correlations afforded by steric effects alone. 
There is a aiaiginal improveinent in correlation 
obtained by using the pure sturic parameter in place 
of the Taft E paraaieter for the acetates 9 but not 
for the thiolacetates. 
Here, analyses 5 thenj indicate that acid 
hydrolysis kinetics for alliyl-substituted amides and 
esters are only poorly correlated by relationships 
involving the usual steric substituent parameters \;vhich 
are defined in terms of acyl substituents. 
Relationships different from those found for the 
acyl situation mighj: be expected for the h^rdrolysis 
kine tics of alkyl-substituted compounds, for t\\io 
principal reasons, i^irstly^ polar and steric effects 
of substituents v̂ ôuld be attenuated by the heteroatom 
interposed between the reaction ccntre and the site of 
substitution and hyperconjugative effects of substituents 
are (presumably) eliminated. It may be inferred then, 
that a differen-u steric in-erac±icn mecnanism v;ould be 
operative for a substiuuent in the alkyl or uhe acyl 
oart of the molecule. 
Secondlyj in the definitive conditions of the 
steric paramaters 5 resonance interactions betvveen a 
substituent and the reaction centre contribute to the 
values of E and (althouoh the a -hydrogen bonding s s 
effect is cldiacd to be removed froQ the latter) and 
successful use of the linear steric energ^^ equation 
and its usual extensions has been restricted to 
reactions involving substitutions adjacent to the 
reaction centre ( a-substitution) « This is \-jhere the 
structural environment in vjhich the substituent is 
found is not greatly different from the definitive 
conditions for the steric -parameters. The above 
correlations for the kinetic data of the acid hydrolj^sis 
of N-substituted acetamides, alkyl acetates and 
thiolacetates indicate that^where resonance 
inter^,ctions are minimal or absentj as for 3-substituents 
additional corrections should be applied to the linear 
steric energy equation. 
In the literature are found two approaches to 
the problem of strucoure-reactivity relationships for 
3-substitution in the alkyl part of an ester. 
1) Steric paramaters, specifically for the alkyl 
component, have been empirically assessed in terms of 
standard Taft definitions. Given in Table 8 are such 
p o 
parameters by Taft (designated ^J') and by Jones and s 
Thomas^'^ (designated SJ^) 5 which qualitatively parallel s 
the values for the acyl parameters (Figures 8 and 9). 
'The differexices in these tv̂ o sets of values 
(S ' and EJ^) probably arise from the methods used b s 
for their determination. 'Those of Taft are determined 
from the acid hj^drolysis of acetat es or a cid--catalysed 
esterification of acetic acid and are probably derived 
from a number of sources as are the E^ values. 0 
The Jones and Thomas values \'yere obtained from 
the rate data for the alkaline hydrolysis of alk^^l 
acetates in aqueous acetone via the relationship, 
log ) = E ^ + 2.4-Sa-. It was assumed that the iĉ  B s 
values for substituents in the alkyl component 
quantitatively paieallel those for the acyl component. 
2) An additional steric-correcting parameter, the 
change in six number, has been used in structure-
reactivity correlations of reactions of alkyl sub-
stituted esters, Newman^^ realised that of the total 
steric influence upon the esterification of carboxyllic 
acids |or hydrolysis of esters, the most significant 
contribution is made by the number of atoms at a position 
separated by a chain of four atoms from the point of 
Figure 8 
PLOT OF STERIC PARAMETERS - ALKYL COMPONENT 
VERSUS 
STERIC PARAMETERS - ACYL COMPONENT 
E3Ì vs. E3 
O Eg' vs. Eg 
Figure 9 
PLOT OF STERIC PARAMETERS - ALKYL COMPONENT 
VERSUS 
STERIC PARAMETERS - ACYL COMPONENT 
- a o i ~ 
o E^' vs. E^ 
-Id -iO 'II -l-L^ 
nucleophilic attack. By designating the carbonyl 
oxygen as atom number one, the most sterically 
hindering atoms are found in the six position, hence 
the term "six-number". 
Pxancock et al recognised that for a particular 
substituent in either the acyl or alkyl branches of 
an ester molecule, different numbers of a'coms may or 
may not be found in the six position. Because of this, 
the effect of the six nuLiber would be included in the 
and E^ parameters for the substituent in the acyl 
s s 
branch but may or may not be included when the 
substituent is in the alkyl branch. They formulated 
the difference in the six number as an additional 
steric parameter, A6, where A6 = the niomber of atoms 
in the six position of the acyl part of an ester minus 
the number of atoms in the six position of the alkyl 
part of the ester, and applied it successfully to 
the correlation of data for saponification and 
alcoholysis reactions. 
This latter concept was initially examined with 
regard to correlating the rate data for the acid 
hydrolysis of the N-substituted acetamides. The 
results obtained by using the relationships, 
log k = log k^ + 6 .Eg +a.A"6 .c.(5) 
and log k = log k + p^^a^ + 6 .E^ +a . A 6 . ( 6 ) s 
are shovm in Table 13» Values of A 6 for the substit-
uents involved are given in Table 8. 
TABLE 13 
Correlations ¥;itha and a 6 parameters-Analysis 
at 75^ 
Equation ^̂ ^ ^ ^ Polar+Pure 
St eric 
Hoc of Substrates 6 6 
p* - 1.989 
0.441 0.279 
a 0c030 0,014 
log k -4o276 -4.174 0 
Corr.Goeff. 0.961 0.983 
S.D. 0«088 0.058 
Variance 0.046 0.020 
Deg. of Preedoiii 3 2 
t-test 6.92 10.68 
Significance Level 0.5/̂  l.Oyo 
.Uthough log ™ = 6 .E^ 4-a.A6 cor re l a tes the 
Kq b 
data e f f e c t i v e l y ^ a var iance r a t i o P-test (Table 14) 
shov-ys t h a t there i s i n s i g n i f i c a n t improvement i n 
c o r r e l a t i o n obta ined by us ing E^ and A 6 parameters, 
over t h a t obta ined by us ing the E^ parameter a lone , 
s 
Also, as shown i n Table 14, po la r con t r i bu t i ons make 
no improvement to the c o r r e l a t i o n . 
MBLS^ H 
YAVaAUCE R/^TIO E-TESTS 
I n d i c a t i o n of improvement i n c o r r g l a t i o n obtained h j 
and A 6 P9raEieters_over 




l og ^ =6.E^+a.A 6 0o046 3 
Improvemeirb_qMaj.ne_d_J)v_ j n c l u d i n ^ . j ^ J A ^ 
2o30 > 
l og =6,E^+a. a6 0.046 3 
0 
l o g =P ^.a 
^b ^ 0.020 2 
+ a,66 
Correlations of the amide data were then 
obtained using the relationships, 
log = 6 cE + a.A 6 » o o 0 , , , . » c <. , o . , o o o c (7) 
and log = p* ,0-* + 6OE -r a - - - 0 o c 0 . c 0 o . 0 . {B) 
(Table 15). 
ACIDIC HYDRCIYDIS OF ^LlILES 
Correlations with a Jî  . and 6 parametsrs ~ .analysis 
^ „ ® at 75^ 
Equation (7) (3) 
Steric -t- A 6 Polar -!- Steric -rA6 
E"o. ol Substrates 6 6 
p* - 0»350 
6 0.635 0oO?9 
a 0c06l O0O5G 
log k^ ~4o229 
Corr. Coeff. 0,996 0.997 
80D. 0.026 0.025 
Variance 0,0042 0c003S 
Deg. of I'reedom 3 3 
t-^test 22,55 25.3 
Sis-nificance level O.r;̂  n h-^ 0 J r-' 
ViRI^CE 
Improvement in correlation obtained b̂ r including fhe _ _ _ ^ 
Equation Variance Eeg. 1 Signiiicance 
Ereedom level 
10i< .Ê .-f6.A 6 0,0042 3 1.10 s loll >25?« 
: • T — — r ' « - I v » ->—' ̂  1 yjh » 
" 0.003s 2 
Indication of improvement in correlation obtained by using 
E . pararneters, ._ovejLl . A t on 
Deg Signiiicance 
gg^uatj-on level 
l o g ^ . 0.195 6 KO S 
lory =:6,E,.+ a.A6 0.0042 3 ko s 
46.4 0 o 5;̂  
V a r i a n c e r a t i o t e s t s show t h a t t h e r e i s a v e r y 
s i g n i f i c a n t iiiiproveiiient i n c o r r e l a t i o n obta ined by 
u s i n g both the Ê ., and A 6 parameters i n r e l a t i o n t o 
t h a t o b t a i n e d by u s i n g the E^ paraii ieter a l o n e o but 
o 
no f u r t h e r iniproveinent i s obta ined by i n c l u d i n g the 
p o l a r c o n t r i b u t i o n » The e x c e l l e n c e of the c o r r e l a t i o n 
a f f o r d e d by r e l a t i o n s h i p ( ? ) i s shovjn by the high 
c o r r e l a t i o n c o e f f i c i e n t 5 0 .996 and s i g n i f i c a n c e l e v e l 
of 
Thus 5 the a c i d hydrol^rs i s of I T - s u b s t i t u t e d 
acetarnides a p p e a r s to be c o n t r o l l e d by s t e r i c e f f e c t s 
on ly and the data a g r e e q u i t e c l o s e l y wi th the 
r e l a t i onship5 
l o g k = - 4o229 + Oc6S5.E^, + O.O6I.A60 
This r e g r e s s i o n i s a d e f i n i t e improveniont (a v a r i a n c e 
r a t i o P - t e s t has a s i g n i f i c a n c e l e v e l of 5/^) over 
l o g k = ^4O276 4- + 0e030oA6, vJ 
Th i s i s an i n t e r e s t i n g r e s u l t 5 s ince^ f o r a 
5 c, 
s t e r i c a l l y s i m i l a r c a s o j Hancock and o t h e r s had 
c - - , I . found the E parameter uiore a p p l i c a b l e * L!ow l u i s s 
- C -1 
s p e c u l a t i v e as to vyhich p a r a m e t e r , E^ or E 9 should be 
used i n s t r u c t u r e - r e a c t i v i t y c o r r e l a t i o n s of a l k y l -
s u b s t i t u t e d carbox^^l l i c a3id d e r i v a t i v e s « 
io6 
One point of vievj is th:;t it ib bocause the 
„ c 
-̂'g parameter is free ci hyperconjugati ve effects, that 
it is found to be useful in correlations \vhere the a ~ 
h^^drogens of substituents influence rate data? such as 
for acyl-substituted carboxyllie acid derivativesc 
Yrhere there are no hyperconjugative effectSj as in the 
present work, it should xiot be necessary to use the 
'pure^ steric paraaieter. 
.Alternatively5 because hyperconjugative effects Q have been removedj Ê , could be considered as a beater 
measurement of the steric effect of a substituent and 
i 
should be useful v; hat ever the 'Situation. 
As shown above the rate data for the IT-substituted 
acetaiiiides is definitely better correlated by a 
regression involving E, and A 6 parameters than one with s 
E^ and a6. fo 
The regression equation that Hancock -.;nd others 
found to best correlate the rate data for the saponif-
ication of alkyl acetates in aqueous acetone v̂ aSj 
lo^ k = 1.35 -f 0.688a^^ + 0.664.E^ + 0.0477.a6o o S 
which had a correlation coefficient of 0,997 and a 
standard deviation of 0o070, Re-analysis of this data 
with the computer programme used for the present work 
chives the regression equation^ 
l o g k = 1 . 3 5 1 +0.6G9.A*+ 0 . 6 6 3 . + 0.0477. A6 s 
v;ith a c o r r o l a t i o n c o e i f i c i e n t of Oo996S and standard d e v i a t i c 
d e v i a t i o n of 0.05265 but u s i n g the E parameter s 
i n s t e a d of E^ g i v e s 5 s 
l o g k - 1 . 2 4 1 -i- 0 . 5 2 1 A - ^ + 0.888 .E + 0.0749. A 6 
s 
w i t h a c o r r e l a t i o n c o e f f i c i e n t of 0^9972 and standard 
d e v i a t i o n of 0,0496. Aii F - f a c t o r of 1 . 1 3 f o r a 
v a r i a n c e r a t i o t e s t shoves t h a t the iiiiproveirient i n 
c o r r e l a t i o n i s s i g n i f i c a n t only at the l e v e l . 
'Thus e i t h e r parameter seems to be a p p l i c a b l e i n t h i s 
case 0 
Using the E , A6 and E^ ̂ A 6 parameter corabinati ons ^ s s 
m u l t i p l e r e g r e s s i o n analj^ses vv^re c a r r i e d out on the 
r a t e data f o r the a c i d h^mrolydis of a l k y l a c e t a t e s 
and t h i o l a c e t a t e s . The r e s u l t s are g iven i n Tables 
16 and 1 7 . Because of the l i m i t e d d a t a , i t \v'as not 
p o s s i b l e to s t a t i s t i c a l l 3 ^ t e s t f o r any imprcvement i n 
c o r r e l a t i o n when p o l a r e f f e c t s were i n c l u d e d i n the 
r e g r e s s i o n s . 
g^ELE 16 
ACTD]^ CP ACLg.ATg_IgTEgS 
l o g ^ = +a.A (5) 
• s i 
logp- = 6 .E + a.A6 o 0 0 (7) 
k^ s 
logv^- = P + 6 +a.A 6 (8) 
Equations (5) (6) (?) (S) 
Ho. 01 
Substrates 4 4 4 4 
P̂ ^ - -2.771 - -1.226 
6 0.283 0.607 0o426 0.635 
a 0,022 0.050 0.040 0,061 
log k^ "0,S15 -0,S42 ^0o823 -0.842 
Corr. Goeif. 0.936 0.9999 0.995 1.000 
£.D. 0.027 - 0 . 0 1 7 
Variance 0.0029 0 , 4 7 9 x 1 0 " . 0011 0, 25Ox] 
Deg. of 
Freedom 1 1 
t-test 11.21 - 14.07 
Significance 
Level 5. Of. - 5. 0>i 
ViRl-AHCE RAglO F-TEST 
Test of improver-ient in correlation by E^ and a 6 over 
j l i l M ^ A A 
Equation Variance Eeg. F Significance 
^ Freeĵ ojii _ Level ^ 
log^-=6 cE^+a.A 6 0.0011 1 
0 "" 2.64 > 25p 
log}^-=6 6 0. 0029 1 
0 
^ggDIC HYDROLYSIS CP THIOMGEgATE ESTBRS 
Equations (5) (6) (7) (S) 
î ô, of 
Substrates 4 4 A 
^ -1.936 — -1,050 
6 0.122 0.348 Ocl85 0.364 
a 0.007 0.027 0.014 0.033 
log k^ -2.423 "2.442 -2.426 -2.442 
Corr.Coeff. 0.961 0.997 0.977 0.999 
S.E. 0.019 - 0.015 -
Variance 0.0014 0.372x10 
Eeg. of 
Preedom 












10. 0̂ ^ 
10 
EATIQ ._IN-TEST 
I'est of iarproveiaent in correlation by E^ and a 6 over 
Eq.ua ti on Variance 
logjjgp6.Eg+a A 6 0.00084 








As shown by the variance racio tests in Tables 
16 and 17, neither equation is statistically better 
than the other for correlating the data for the acetate^ 
and thiolacetates, but both give fairly good 
correlations. 
It is probable that either or E^j in s s 
conjunction vjith a6J can be used in structure -
reactivity correlations of all:yl-substituted 
carboxyllic acid derivatives. 
The alternative approG.cn use d to analyse the 
data froiii the present v;ork was to use the steric 
parameters, '£ ' and E ^ derived for alkyl substit^ition. s s 
The results using the relationships 
log|- = (9) 
o 
log- = (10) K S O 
and log^ = + (11) 
o 
log|- = + (12) 
o 
are given in liable 18.. 
m 
TABLEJ^ 
ACIDIC HYDHOLYSIS CP .AKILES AMLYSIS AT 75^ 
Equation (9) (10) (11) (12) 
Eo. of Substrates 6 6 6 6 
- 2.707 0.585 
6 0,864 0.926 0.414 0.817 
log -4.357 -4.256 -4.178 •»4.229 
Corr. Coeffc 0.909 0.994 0.966 0,995 
3.D. 0.131 0.035 0.082 0.031 
Variance 0.104 0.007 0.040 0.0058 
Deg. of Ereedom 4 4 3 3 
t-test 4.36 18.1 7.48 19.9 
Significance level 10 Ov̂  0.1^ 0.5?̂  0.1/̂  
Variance ratio show polar effects to have 
negligible influence upon the correlations and that 
the correlation obtainvjd by using the E ^ paraiTieter s t 
is definitely betuer than obtained vvith the E^ ' 
parametero 
Yi\ EI jjî  TI 
Indication of better correlation obtained b̂ r using Ê , 
Eegc Siprnificance 
Equation iL̂ Ĵ-̂ Piil R 
log«— = 6,E ' 0.104 4 
'-0 
= b.l̂  ̂  0.007 4 iC s 
0 
1 4 . 8 1 .0? 
The very good results obtained vvith these 
parameters prompted analyses of the data for the acidic 
hydrolysis of acetates and thiolacetates and the 
saponification of acetate esters, using the E^' and s 
E ^ parameters, s 
'The results of these analyses are given in 
Tables 19 , 20 and 21. 
TABLE 19 
EcLuation (c) (iq) ( h ) (12) 
ITOo of Substrc.t3s 4 4 4 4 
P^ ^ 0 , 271 0 ,529 
b 1 .026 0 . 579 0 . S I5 0 .459 
log k^ ^^0.852 -0.854 0 ,844 -0.838 
Corr. Coeff . 0 . 997 0 .995 0 .998 0 .999 
S . L . 0 . 012 0 .016 0 .0099 0 .0005 
Variance 0 .0006 0 .0011 O.OOO4 0 .0003 
Dego of Freedom 2 2 1 1 
t-test- 18 . 20 14 .07 22 .05 33 .32 
bignificance 
Level 0.5;^ 0.5?^ 2.5?^ 2.5?^ 
Variance ratio P-tests sho\i that there is no 
iavprovement in the correlations obtained by including 
polar effects , 
A value of 1 .83 (>25;^ significance level) is 
obtained for the E-factor of the variance ratio test 
betv''een correlations (9) and (lO) , indicating that the 
data for the acetates is correlated equally vjell b3-
either steric parameter. iSiuiilarly9 for the 
thiolacetates9 no improvement is obtained in the 
correlations^ by including polar effects^ but there is 
a marginal improvement in using the E^^ parameter^ 
rather than E ^ ' , for correlating the data. s 
i^CIDIC HYDROLYSIS CE THIOLi^CETi^TE ESTERS 
Equation (9) 
















































S A P g F I ^ A T I ^ SSgERS 
^ujjci^orisj log k = log k -f +6 .E / 5 . c « o , (ll) " " 0 s / 
lo^ k = log k -f p^^^a" ...C.(12) L/ iD 
Equation (il) (12) 
Ko, of SubstratoG 7 7 
p^ 2.591 4.335 
^ 0,702 0,4-50 
log k^ 1.293 1.353 
Corr. CoGff. 0.996 0.973 
b.D. 0.036 0.064 
Vr.riance 0.0091 0.0497 
Deg. of Ereodom 4 4 
t-test 25.23 10,46 
Significance 
Level Ocl>̂  O.lp 
VARIAj^ .E^^gT 
Test of beater correlations by usin^: a ̂^ snd E ' or 
r1 ^ 
Eeg, SiCTificarce 
Equeti-on Variance E 
logi^ p^. 6 .E^^ 0.0497 4 irv o C 
log— = p 0.00912 4 
0 
5.45 10.07. 
The variance ratio P-te^t shows that there is a 
J 
marginal improvement in using the parameter rather ci 
than Ê ,' to correlate the saponification rate data for 
acetate esters. 
I": is noteablCj especially with the Jones and 
Thomas' steric parameter, that the correlotions obtained 
for all aata are vury significant, ihe overall greater 
significance of the correlations obtained with this 
parameterj over that obtained with the E^/ parameterj o 
possibly indicates the greater consistency of the 
experimental source data used by the former and that 
these parameters are vjorthj' of more consideration in 
correlating data. .Although it is not desireable to add 
to the numerous substituent parameters used in structure™ 
reactivity relc,tionships, the E ' and probably do not s s " 
include hjT-perconjugative effects and mâ .̂  prove more 
useful than their more familiar acyl-component 
c 0unt erpa rt, E,̂ . o 
Multiple regression analyses of the rate data 
for the xT^substituted acetamides were also carried out 
on data obtained at and 95^ to investigate the 
Dossibility of changes in correlation with temperature. 
Correlations equivalent to those observed with the 75 
data were obtained at each temperature for each 
relationship. 
SuDimarising the above r e s u l t s , i t has beon 
shovjn t h a t the d i l u t e ¿^cid h y d r o l y s i s of N-'Subs'cituted 
amides i s 9 l i k e t h a t of acy l -^subst i tu t ed airxides and 
e s t e r s 9 doQiinated b̂ ^ s t e r i c s u b s t i t u e n t e f f e c t s . To 
a v o i d adding to the iiiulti p l i c i t y of s u b s t i t u e n t 
parameter v a l u e s 9 s t e r i c s u b s t i t u e n t parameters^ 
d e f i n e d in terms of ac^^l subst i tuents^ can be used 
e q u a l l y w e l l f o r a l k y l s u b s t i t u e n t s provided they 
a r e used i n con junct ion v j i t h A ô j a parameter making 
a l lowance f o r the change in six--number i n v o l v e d in 
moving a s u b s t i t u e n t from the ac^^i p o s i t i o n of the 
s u b s t r a t e molecule to the a lk j r l p o s i t i o n . I t i s 
unlikel3^ tha t any s i g n i f i c a n c e can be 
a t t a c h e d to t h i s parameter ¿¡nd i t should be re,^arded 
p r i m a r i l y as an adjustment to the parameter s c a l e . 
I t aa-oears to matter not whether E ( T a f t s t e r i c s 
parameter) or E*̂  (Hancock "pure'* s t e r i c parameter) s 
v a l u e s a re used in conjunct ion with A6. 
k. SUBSTITUI-IT? EPEECTS 02T THE EITTHGPIES AnD 
EFTMLPIES CE i\CTIViTICN 
mci Experimental errors in the rate constants a: 
reaction temperature are propagated through the expression, 
(see p, 9) used to calculate the enthalpy and entropy 
of activation and in. .vitably tend to obscure any 
meaningful relationships between substituent effects 
and the thermcdynaaic parameters. This vjas borne out 
for the il=-substituted acetamide data. 
Regression analyses v/ere performed on the 
acetaaiide do.ta to establish any relationships betv^een 
A n-'̂  and steric parameters« The regression found 
betv/een A and E ,̂ and a 6 is 
Aii-̂  = 20O365--0.743.3^^^0.250^ 65 (correlation 
s 
coefficient = 0 .9005 student t = 4 . 1 6 . significance 
level six substituents) 5 and that between A H-
and E^ and A 6 , 
o 
All- = 20 .277-0,537 .E^-O. 220. a6, (correlation 
s 
coefficient = Oo914p student t = 4 . 5 0 , significance 
levels six substituents) . These correlations are 
ins igni f icantly improved by polar contributions to 
the relationships , apparently, enthalpies arc 
dominated by steric effects but, because 01 the poor 
significance levelj the point can not be stressed. 
The- corresponding regressions bet\veGii the 
entropies of activation and steric paraaieters are 
As^^ - -í9O795+0,934.L^.--0.453C/í^, (correlation 
coefficient = O.TBS^ student t = 2,56^ significance 
level 10.0/j si:: eubstituents) , 
and^^^ = -1S.S47 + - (correlation 
coefficient = 0.776^ student t = 2.45, significance 
level lO.Oyo six substituents) . Again polcar 
contributions do not improve the correlations. The 
lov.-er significance of the latter correlations is 
probably due to the relatively- larger errors in the 
entropy paraaieter. 
A plot of enthalpy." vereus entropy ie shov;n in 
figure 10. Th^ results of a regression analysis of this 
data is also given thereon. The Petersen criterion'^" 
1 
of concurrency of log ^ versus = plots for all acides 
is not est (fig. 1 1 ) indicating that an isokinetic 
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Correl. Coeff.= 0.803 
Student t = 3 . 3 0 
Deg. Freedom = 6 
Significance = 2.5^ 
Level 
cH3CH^HCM3 
¿0-5 £/-o ai-5 
AH* X 10^ cals 
2Z-0 22-5 
Figure 1 1 









3-0 29 Zd 
l x 1 0 3 
It is to be notod that the enthalp^^'-entropy 
plot for the E-substitutod acetaraides does not 
resemble those for the h^'droivsis of the oxvgen and 
sulphur 'analogues' (figure 12) which leffler and 
G-runv7ald have indicated to be probably isolcinetic 
relationships 9 each with an i;;..okinetic tcaiperature of 
330 , Because of the limited data availablej and 
because no error analysis vvas carried cut on the 
latter data, no explanation of this point is proposed. 
Figure 12 
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¿PPEMDIX 
otatistical tests used to dravj reliable 
cciiclusicns from the cata the lollovving parameters 
'::ere used to aesess the significance of the correlatioiis 
obtained. 
S t̂ -K̂ â rji ̂ Qyj-a^tAOjl 
1 he t erm 5 s tanda rd de via ti on 5 S.H is an index 
used to measure the dispersion of a sample of 
measurements 5 X, about the arithmetic aiean of these 
measurenGBts, 
Eathematically this is defined as. 
S.D. = x / L l . x " V ^ 
v;here n is the number of observations in the sample 
and T the arithmetic mean of the measurement. 
Por a normal (G-aussian) distribution, the 
frequency of deviation from the mean decreases vyith 
the spread av\iay from the mean« To particularise 9 95/' 
of the observations should lie be-Gv?een "1.96S.Iland 
-fl.96SJ). oneach side of the mean and betvjeen 
-3.09SJ:i» andri-3c09SDon each side of the mean» Good 
correlations are minimised by minimal standard 
devia tions. 
A useful statistic^.! paraciCGcr used for 
de-cerr:ining the significance levels of correlations 
^^ Zi^t^'^ce ':;hich is 2:iven bv the exoressicn 
g ^ X / variance 
1? 
file ae¿ree of asscciauion betv>e.:ii two 
variables X and Y is ¿.ivcn b̂ ^ the correlation 
coefficient rwhich has values betv^een and +1. 
high absolute value of r indicates a close 
relationship and a siaall value a less definite 
relationship» The relationship is usually called 
a re^ressi_on. 
The relationship between one variable and a 
conbination of others is called a au 1 ti_p 1 Jge a re s_s i on 
and the degre:^ of association a giultiple regression 
coefficient« 
Ihere are statistical tests to assess the 
significance of correlation coefficients for differing 
numbers of Vc^riables, that is differing degrees of 
freedom. The degrees of fr^edora aust b^ taken into 
account a^hen changes in correlation coefficient are 
produced b̂ r introducing or reaoving variables from 
regressions or ccoiparing correlation coefficients. 
:i:vjo tests are i) the ¿tudcnt u-ucst and ii) the 
Variance Zatio test. 
single randoiLised sa::ples cf less than 
tnirt^^ ::::easurenents 5 a confidence criterion connonly 
used is the Student t-test which is defined . iw ÎL Ci 
t = (X-x). 7(N-1) ^ r .7 N-2 
S.D. 7l-r^ 
v;hor..SD«ie the standard devia'cion 
F is the nuiab^r of observations 
A is the izean of the proposed hypothetical 
population fro,a vvhich the sadiple is drawn 
X is the Qoan of the saniplej and 
r is the correlation coefficient. 
^^) Variance Raî io_ Te_st 
fhis test is used to compare the spreads or 
variabilities of two sets cf figures, such as 
correlations, 
ihe i-ratio is defined as 
^ = g^reater variance estimate 
lesser variance estimate 
If the difference in correlation is insignificant^ then 
P aaeroaches unity. Standard tables of the t and 
variance ratio tests are available and tal̂ e into 
account the dê _,rees cf freedom, so enabling th^ prediction 
of sie-nificancc levels. 
